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Field of the Inve ntion 

The present invention relates to formulations and methods for the production of perforated 
microstruciures which comprise an ective agent, in particularly preferred embodiments, the active agent will 
comprise a faioactive agent. The perforated microstruciures will preferably be used in conjunction with 
inhalation devices such ,s a metered dose inhaler, dry powder inhaler or nebulizer for both topical and 
systemic delivery via pulmonary nr nasal routes. 

Background of the Invention 

Targeted drug delivery means are particularly desirable where toxicity or bioavailability of the 
pharmaceutical compound is an issue. Specific drug delivery methods and compositions that effectively deposit the 
compound at the site of action potentially serve to minimize toxic side effects, lower dosing requirements and 
decraasa therapeutic costs! In this regard, the development of such systems for pulmonary drug delivery has long 
been a goal of the pharmarrauticBl industry. 

The three most common systems presently used to deliver drugs locally to the pulmonary air passages are 
dry powder inhalers (OPIsj, m BtBre d dose inhalers (MDIsl and nebulizers. MDIs, the most popular method of 
inhalation administration, may fag used to deliver medicaments in a solubfed form or as a rispersion. Typically MDIs 
comprise a Freon ar other relatively high vapar pressure propellent that forces aerosolized medication into the 
respiratory tract upon action of the device. Unlike MDIs. OPIs generally rely entirely on the pafc-.fs inspiratory 
efforts to introduce a mefcament in a dry powder form to the lungs. Finally, nebulizers form a medicament aerosol 
to be inhaled by imparting energy ,o a liquid solution. Mora recently, drect pulmonary delivery of drugs during liquid 
ventilation or pulmonary .tesge using a fluorochemical medium has also been explored. While each of these methods 
and associated systems may prove effective in selected situations, inherent drawbacks, including formulation 
limitations, can limit their usa. 

The MDI is dependent on the propulsive force of the propellent system used in its manufacture. 
Traditionally, the propellant system has consisted of a mixture of chlorofluorocarbona ICrCsl which' are 
selected to provide the desired vapor pressure and suspension stability. Currently, CFCs such as Freon 11, 
Freon 12, and Freon 1i4 are the most widely used propellents in aerosol formulations for inhalation 
administration. While su,« syst-ms may be used to deliver solub.lized drug, ,he selected bioactiva agent is 
typically incorporated h. :ha form ef a fine particulate to provide a dispersion. To minimize or prevent the 
problem of aggregation iasuch systems, surfactants are often used to coat the surfaces of the bioactive 
agent and assist in wetting the particles with the aerosol propellant. The use of surfactants in this way to 
maintain substantially uniform dispersions is said to "stabilize" the suspensions. 
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Unfortunately, traditional chlorofluorocarbon propellents are now believed to deplete stratospheric 
ozone and as a consequence, a;e being phased out. This, in turn, has led to the development of aerosol 
formulations for pulmonary drug delivery employing so-called environmentally friendly propellants. Classes of 
propailants which ara caliBved to have minimal ozona-daplBtion potential in comparison with CFCs are 
5 perfiuorinated compounds IPFCsl and hydrofluoroalkanes IHFAs). While selected compounds in .these classes 
may function effectively as biocompatible propellents, many of the surfactants that were effective in 
stabilizing drug suspensions in CFCs are no longer effective in these new propellant systems. As the solubility 
. of the surfactant in the KFA decreases, diffusion of the surfactant to the interface between the drug particle 
and HFA becomes exceedingly slow, leading to poor wetting of the medicament particles and a loss of 

10 suspension. stabHity, This* deceased solubility for surfactants in HFA propellants is likely to result in 
decreased efficacy with regard to any incorporated bioective agent. 

More generally, drug suspensions in liquid fluorochsmicals, including HFAs, comprise heterogeneous 
systems which usually require redispersion prior to use. Yet. because of factors such as patient compliance 
obtaining a relatively homogeneous distribution of the pharmaceutical compound is not always easy or 

1 5 successful. In addition, prior art formulations comprising micronized particulates may be prone to aggregation 
of the particles which can result in inadequate delivery of the drug. Crystal growth of the suspensions via 
Oslwald ripening may aise lead to particle size heterogeneity and can significantly reduce the shelf -life of the 
formulation. Another, p?fib!eni with conventional dispersions corr. rising micronized dispe'aints is particle 
coarsening. Coarsening may occur via several mechanisms such as flocculaticn, fusion, molecular diffusion. 

20 and coalescence. Over . relatively short period of time those processes can coarsen the formulation to the 
point where it is no ionger usable. As such, while conventional systems comprising iluorochemicel 
suspensions for MDIs or liquid ventilation are certainly a substantial improvement over prior art non- 
fluorochemical delivery yshicles. the drug suspensions may be improved upon to enable formulations with 
improved stability that *;so offer more efficient and accurate dosing at the desired site. 

25 Similerly, conventional powdered preparations for use in DPls often fail to provide accurate, 

reproducible dosing over extended periods. In this respect, those skilled in the art will appreciate that 
conventional powders {i.e. micronized) tend to aggregate due to hydrophobic or electrostatic interactions 
between the fine particles. These changes in particle size and increases in cohesive forces over time tend to 
provide powders that give undesirable pulmonary distribution profiles upon activation of the device. More 

30 particularly, fine particle aggregation disrupts the aerodynamic properties of the powder, therahy. preventing 
large amounts of the scrosolized medicament from reaching the deeper airways of the lung where it is most 
effective. 

In order to overcome the unwanted increases in cohesive forces, prior art formulations have 
typically used large cmaer particles comprising lactose to prevent the fine drug particles from aggregating. 
35 Such carrier systems nllow for at least some of the drug particles to loosely bind to tha lactose surface and 
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disengade upon inhalation. However, substantial amounts of the drug foil to disengbge from the large, lactose 
particles and are deposited in the throat. As such, these carrier systems are relatively .inefficient with 
respect to the fine particle fraction provided per actuation of the OPI. Another solution to particle 
• aggregation is proposed in WO 98/31346 wherein particles having relatively large geometric diameters (i.e. 
5 preferably greater than 10/mil are used to reduce the amount of particle interactions thereby preserving the 
fiowabiiity of the powder. As with the prior art carrier systems, the use of large particles apparently reduces 
the overall surface area of the powder preparation reportedly resulting in improvements in fiowabiiity and fine 
particle fraction. Unfortunately, the use of relatively large particles may result in dosing limitations when 
used in standard OPIs aim provide for less than optimal dosing due to the potentially prolonged dissolution 
1 0 times. As such,.there sftttroaiiu a need for standard sized particles that resist aggregation and preserve the 
liowability and dispersibility of ths resulting powder. 

Accordngly, it is an object of the present invention to provide methods and preparations that 
advantageously allow for the nasal or pulmonary administration of powders having relatively high fine particle 
fractions'. 

1 5 It is a further object of tha present invention to provide stabilized preparations suitable far aercsolization 

and subsequent aMntamtipn to the: pulmonary air passages of a patient in need thereof. 

It is yet another object of the present invention to provide powders that may be used to provide stabilized 
dispersions. 

It is still a faith:.- objeci of the present invention to provide powders exhibiting relatively low cohesive- 
20 forces that are compatible k: use ii . dry powder inhalers. 

Summary of the Invention 

These and other objects are provided for by the invention disclosed and darned herein. To that end. the 
methods and associated compositions of the present invention provide, in a broad aspect, for the improved delivery of 
. agems to a desired site. Mere particularly, the present invention may provide for the delivery of bioactive agents to 
selected physiological target sites using perforated microstructure powders. In preferred emboriments, the bioactive 
agents are in a form for administration to at least a portion of the pulmonary air passages of a patient in need 
thereof. To that end, the present invention provides for the formation and use of perforated microstructures and 
delivery systems comprising. such powders, as well as individual components thereof. The disclosed. powders may 
30 further be dispersed in selected suspension media to provide stabilized dispersions. Unlike prior art powders or 
dispersions for drug delivery; the present invention preferably employs novel techniques to reduce attractive forces 
between the particles. As such, the disclosed powders exhibit improved fiowabiiity and dispersihilty while the 
disclosed dispersions exhibit reduced degradation by flocculmioa sedimentation or. creaming. Moreover, the 
stabilized preparations of the present invention preferably comprise a suspension medium (e.g. a fluorochemicaJ) that 
3 5 further serves to reduce the rate of degradation with respect to the inccrporated bioactive agent Accordingly, the 
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dispersions or powders of the present invention may be used in conjunction with metered dose inhalers, dry powder 
inhalers atomizers, nebulizers it liquid dose instillation (LOl) techniques to provide for effective drug delivery. 

With regard to particularly prefaced embodiments, the hollow and/or porous perforated microstructures 
substantially reduce attractive molecular forces, such as van rier Waals forces, which dominate prior art powdered 
5 preparations end aspersions. In this respect the powdered compositions typically have relatively low bulk densities 
which. contribute to the flowability of the preparations while providing the desired characteristics for inhalation 
therapies. Mora particularly, tha use of relatively low density perforated (or porous) microstructures or 
microparticulates significant!? reduces attractive forces between the particles thereby lowering the shear forces and . 
increasing the flowability of :he resulting powders. The relatively low density of the perforated microstructures also 

1 0 provides for superior aerodynamic performance when used in inhalation therapy. When used in dispersions, the 
physical characteristics of tne powders provide for the formation of stable preparations. Moreover, by selecting 
dispersion components in accordance with the teachings herein, interportide attractive forces .may further be 
reduced to provide formulations having enhanced stability. 

• 1 Accordingly, setes! embodiments of the invention provide for powders having increased dispersibilitv 

1 5 comprising a plurality of perSnrated microstructures having a bulk density of less than about 0.5 gjcnr! wherein, 
said perforated microstruc!«m powriar comprises an active agent. 

With regard to tha perforated microstructures, those skilled in the art will appreciate. that they may be 
. ;jrmed of any biocompatible martial providing the desired physical characteristics or morphology. :. thin respect, 
the perforated microstrokes will preferably comprise pores, voids, delects or other interstitial spaces' that ect to 

20 reduce attractive forces .r r mirr izing surface interactions and decreasing shear forces. Yet., given these 
constraints, it will be apprK 3ted that any material or configuration may be used to form the micros-true: ure matrix. 
As to .the selected material, it is desirable that the miaostructure incorporates at least one surfactp.nl. Preferably, 
this surfactant will comprise a phospholipid or other surfactant approved for pulmonary use. Similarly, it is preferred 
that the microstructures incorporate at least one active agent which may be a bioactive agent. As to the 

25 configuration, particularly preferred embodiments ol the invention incorporate spray dried, hollow microspheres 
having a relatively thin porous wall defining a large internal void, although, other void containing or perforated 
structures are contemplate?] as we'l. In preferred embodiments the perforated microstructures will further comprise 
a bioactive agent. 

Accordingly, thrt presont invention provides for the use of a bioactive agent in the manufacture of a 
30 medicament for pulmonary delivery whereby the medicament comprises a plurality of perforated microstructures 
which are aerosolized using an inhalation device to provide aerosolized medicament comprising said bioactive agent 
wherein said aerosolized medicament is administered to at least a portion of tha nasal or pulmonary air passages of a 
patient in need thereof. . 

It will further b& appreciated that, in selected embodiments, the present invention comprises methods for 
3 5 forming perforated microstructures that exhibit improved dispersibrlity. In this regard, it will be appreciated that the 
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disclosed perforated micrcstrtrctures reduce attractive moiecidar forces, such as van der Waals r>ces, which 
dominate prior art powdered preparations. That is, urulke prior art preparations comprising relatively dense, soiid 
partides or nonporous pst tides (e.g. micronized), the powdered compositions of the present invention exhibit 
increased flowabilifY and disparsibility due to the lower shear forces. In pan. this reduction in cohesive forces is a 
result of the novel production methods used to provide the desired powders. 

As such, preferred embodiments of the invention provide methods for forming a perforated 
microstructure comprising the steps of: 

providing a liquid feed stock comprising an active agent; 
atomizing said liquid feed stock to produce dispersed liquid droplets; 

drying sard liquid droplets under pTedetermined conditions to form perforated microstructurts comprising 
said active agent; and 

collecting said perforated microstructures. 

With regard to the formation of the perforated microstructures it will be appreciated that, in preferred 
embedments, trie particles will be spray dried using commercially avaSable equipment. In this regard the feed stock 

1 5 will preferably comprise a blowing agent that may be selected from fluorinated compounds and nonfluorinated oils. 

Preferably, the fluorinated compounds will have a boiling point of greater than about 60°C. Within the context of the ' 
instant invention the fluorinated blowing agent may be retained in the perforated microstructures to further increase 
the dlspersibility of the resulting powder or improve tha stability of dispersions incorporating the same. Further, 
nonfluorinated oils may be it • d to increase the solubility of selected bioactfve agents (e.g. steroids} in the feed stock, 

20 resulting in increased conce.--arjon? of bioactive agents in the perforated microstructures. 

* j* * 

As discussed ab ..'<;<•, the dispersibility of the perforated micrc:tructure powders may be ;..crsased by 
reducing, or. minimizing, >e v-:n der Waals attractive forces between the constituent perforated 
microstructures. In this regard, the present invention further provides methods for increasing the dlspersibility 
pf a powder comprising the steps oh 

25 provirJng a liquid fi«-d stork comprising an active agent; and 

spray drying said liquid feed stock to produce a perforated microstructure powder having a bulk density of 
less than about 0.5 g/cm 3 wherein said powder exhibits reduced van der Waals attractive forces when compared to a 
relatively non-porous prowL:; oHhe same composition. In particularly preferred embodiments ine perforated 
microstructures will comprise hollow, porous microspheres. 

30 The blowin 9 aecnt may be dispersed in the carrier using techniques known in the art for the 

production of homogenous Aspersions such a sonication, mechanical mixing or high pressure hbmogenization. 
Other methods contemplated for the dispersion of blowing agents in the feed solution include co-mixing of 
two fluids prior to atomization as described for double nebuiization techniques. Of course, it will be 
appreciated that the atomizer can be customized to optimize the desired particle characteristics such as 

35 particle size, in special crises a double liquid nozzle may be employed. In another embodiment, the blowing 
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agent may be dispersed by introducing the agent into the solution under elevated pressures such as in the 
case of nitrogen or cerbon dioxide yas. 

As to the delivery of perforated microstructure powders or stabilized dispersions, another aspect of 
the present invention is directed to inhalation systems for the administration of one or more bioactiva agents 
5 to a patient As such, the present invention provides systems for the pulmonary administration of a bioactive 
agent to a patient comprising: 

an inhalation device comprising a reservoir; and 

a powder in said reservoir wherein said powder comprises a plurality of perforated microstructures having 

a bulk density of less thai: about 0.5 g/cm 3 wherein seid perforated microstructure powder comprises a bioactive 

1 0 agent whereby said inhalation device provides for the aerosolized administration of said powder to at least a portion 

of thB pulmonary air passages of a patient in need thereof. As alluded to above, ft will ba appreciated that an 

inhalation device may comprise an etomirer, 8 sprayer, a dry powder inhaler, a metered dose inhaler or a nebulizer 

* ... 
Moreover, the reservior may he a unit dose container or bulk reservior. 

In other emodimpis, the perforated microstructure powders may be dispersed in ah appropriate 

15 . suspension medium to provide stabilized dispersions for delivery of a selected agent. Such dispersions' are particularly 
useful in metered dose infers and nebulizers, in this regard, particulariy preferred suspension mediums comprise 
fluorochemicals le.g. perfluurocarbons or fluorocarbons) that are liquid at room temperature. As discussed above. It 
is well established that nv,ny fluorochemicals have a proven history o f safety and biocompatibili'.y in the lung. 
Further, in contrast to atjiwous solutions, fluorochemicals do not negatively impact gas exchange. Moreover, 

20 because of their unique wettability characteristics, fluorochemicals may be able to provide for the 'ii.rjersion of 
parades deeper into the lung, thereby improving systemic delivery. Finally, many fluorochemicals are also 
.bacteriostatic thereby decreasing the potential for microbial growth in compatible preparations. 

Whether administered in the form of a dry powder or stabilized dispersion, the present invention provides 
for the effective delivery c* bioactive agents. As used herein, the terms "bioactive agent" refers ic a substance 

25 which is used in connection with an application that is therapeutic or diagnostic in nature, such as methods for 
diagnosing the presence or sbsence of a disease in a patient and/or methods for treating disease in a patient. As to 
compatible bioactive agents, those skilled in the art will appreciate that any therapeutic or Diagnostic agent may be 
incorporated in the stabtod dispersions of the present invention. For example, the bioactive agent may be selected 
from the group consisting of a;Uiailergics, bronchodilators, bronchoconstrictors, pulmonary lur^ surfactants, 

30 analgesics, antibiotics, leukotriene inhibitors or antagonists, anticholinergics, mast cell inhibitor:-, antihistamines, 
antiinflammatories, antineoplastics, anesthetics, anti-tuberculars, imaging agents, cardiovascular agents, enzymes, 
steroids, genetic material viral. vectors, antisense agents, proteins, peptides and combinations thereof. In preferred 
embodiments the bioactive agents comprise compounds which are to be administered systemically (i.e. to the 
systemic circulation of a patient) such as peptides, proteins or polynucleotides. As will be disclosed in more datail 
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below, the bioactiva agent may be incorporated blended in, coated on or otherwise associated with the perforated 
microstructure. 

Accordingly, the present invention provides methods for the pulmonary delivery of one or more bioactive 
agents comprising the steps of: » 
5 providing a powriar comprising a plurality of perforated microstructurBs having a bulk density of lass 

than about 0.5 g/cm 3 wherein said perforated microstructure' powder comprises a bioactive agent; 

aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and . 
administering a thsrapeuteaily effective amount of said aerosolized medicament to at least a portion of the 
nasal or pulmonary passages of a pstient in need thereof. 
1 0 As used herein. the ten:, "aerosolized" shall he held to mean a gaseous suspension c? fine solid 

liquid particles unless otherwise dictated by contextual restraints. That is, an aerosol or aerosolized 
medicament may be generated, for example, by a dry powder inhaler, a metered dose inhaler, an atomizer or a 
nebulizer. '■ , t 

With respect to tire disclosed powders, the selected agent or bioactive agent, or agents, may be used as 
1 5 the sola structural component of the perforated microstructures. Conversely, the perforated micrnstructuras may 
comprise one or more components (i.e. structural materials, surfactants, excipients, etc.) in addition to the 
incorporated agent. In particularly preferred embodiments, the suspender! perforated microstores will comprise 
relatively high concentrations of surfactant (greater than about 10% w/w| along with an incorporated bioactive 
agent®. .. Finally, it should ek appreciated that the particulate or perforated microstructure may be coated.' linked or 



or 



20 otherwise associated with agent or bioactive agent in a non-integral manner. Whatever configuration is selected, 
it will be appreciated that hiy as -dated bioactive agent may be used in its natural form, or as one or more salts 
known in the art. 

While the powiinrs or stabilized dispersions of the present invention are particularly suitable for the 
pulmonary administration of bbactiva agents, they may also be used for the localized or systemic. 
25 administration of compounds to any location of the body. Accordingly, it should be emphasized that, in 
preferred embodiments, the formulations may be administered using a number of different routes including, 
but not limited tD, the gastrointestinal tract, the respiratory tract, topically, intramuscularly, intraperitoneaily, 
nasally, vaginally, rectally, aurally, orally or ocularly. 

Other objacts, features and advantages of the present invention will be apparent to those skilled in the art 
3 0 • from a consideration of the following detailed description of preferred exemplary embodiments thereof. . 

Brief Description of the Grawinos ' 

Figs. 1A1 to IF?, illustrate changes in particle morphology as a function of variation in the ratio of 
fluorocarbon blowing agent to phospholipid (PFCfPCI present in the spray dry feed. The micrographs, 
35 produced using scanning tiectr on microscopy and transmission electron microscopy techniques, .show that in 
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the absence of FCs, or at iow PFC/PC ratios, the resulting spray dried microstructures comprising gentamicin 
sulfate are neither particularly hollow nor porous. Conversely, at high PFC/PC ratios, the particles contain 
numerous pores and are substantially hollow with thin walls. 

Fig. 2 depicts the suspension stability of gentamicin panicles in Perflubron as 8 function of . 
5 formulation PFC/PC ratio or particle porosity. The particle porosity increased with increasing PFC/PC ratio. 
Maximum stability was observed with PFC/PC ratios between 3 to 15, illustrating a preferred morphology for 
the perflubron suspension media. : 

Fig. 3 is a scanning electron microscopy image of perforated microstructures comprising cromolyn 
sodium illustrating a prewired hollow/porous morphology. 
10 Figs. 4A to 40 'arc photographs illustrating the enhanced stability, provided by the dispersions of the 

present invention over fe as compared to a commercial cromolyn sodium formulation (Intaf, Fthone-Poulenc- 
Rarer).. In the photographs the commercial formulation on tha left rapidly separates while the dispersion on 
the right, formed in accordance with the teachings herein, remains stable over an extended perinrf. 

'. Fig. 5 presents resul is'of in-vitro Andersen cascade impactor studies comparing lh& seine hollow 
15 porous albuterol sulfate formulation delivered via a MDI in HFA-I34a, or from an exemplary DPI. Efficient 
delivery of particles was cuserved from both devices. MDI delivery of the particles was maximized on plate 4 
corresponding to upper ahrvay delivery. DPI delivery of the particles results in substantial depostiion on the 
later stages in the impac<or corresponding to improved systemic delivery in-vivo. 

20 Detailed Descrip xi on Pre f erred Embodiments 

While the preset inve* lion may be embodied in many rJ-'^rent forms, disclosed herein are specific 
illustrative embodiments thereof that exemplify the principles of the invention. It should be emphasized that 
the present invention is not limited to the specific embodiments illustrated. ' 

As discussed sbove ; the present invention provides methods, systems and compositions that 

25 comprise perforated miciasuuciures which, in preferred emboriments, may advantageously be used lor the 
delivery of bioactive agents, ^particularly preferred embodiments, the disclosed perforated microstructure 
powders may be used in a dry state (e.g. as in a DPI) or in the form of a stabilized dispersion (e.g. as in a MDI, . 
LD1 or nebulizer formulation) to deliver bioactivB agents to the nasal or pulmonary air passages of a patient. It 
will be appreciated that the perforated microstructures disclosed herein comprise a structural matrix that exhibits, 

30 defines or comprises voids, pores, defects, hollows, spaces, interstitial spaces, apertures, perforations or holes. The 
absolute shape las oppewd to the morphology) of the perforated microstructure is generally not critical and any 
overall configuration that- provides the desired characteristics is contemplated as being within the scope of the 
invention. Accordingly, preferred embodiments can comprise approximately microspherical shapes. However, 
collapsed deformed or fractured particulates, are also compatible. With this caveat, it wiD further be appreciated 

35 that, particuiariy preferred embodiments of the invention comprise spray dried hollow, porous microspheres'. In any 
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case the disclosed powders of perforated micrastmctures provide several advantages including, hut not limited to. 
increases in suspension stability, improved dispersibili ty, superior sampling characteristics, elimination of 
carrier particles 8nd enhan^d aerodynamics. 

Those skilled in the art will appreciate that many of these aspects ere of particular use for dry 
5 powder inhaler applications. Unlike prior art formulations, the present invention provides unique methods and 
compositions to reduca cohesive forces faatweBn dry particles, thereby minimizing particulate! aggregation 
which can result in an improved delivery efficiency. As such, the disclosed preparations provide a highly 
fiowable, dry powders that can be efficiently aerosolized, uniformly delivered and penetrate deeply in the lung 
or nasal passages. Furthermore, the perforated microstructures of the present invention result in surprisingly 

1 0 low throat deposition upon administration. 

In preferred embodiments, the perforated microstructure powders have relatively low bulk density; 
allowing the powders to provide superior sampling properties over compositions known in the art. Currently, 
as explained above, many commercial dry powder formulations comprise large lactose particles which have 
micronized drug aggregated on their surface. For these prior art formulations, the lactose particles serve as a 

15 carrier for the active a^s and as a bulking agent, thereby providing means to partially control". the fine 
particle dose delivered from the device. In addition, the lactose particles provide the means for the 
commercial filling capability of dry particles into unit dose containers by adding mass and volume to the 
dosage form. 

By way of contrast, \e present invention uses method- and compositions that 7 ieM powder ~ 
20 formulations having extrayrdin.' ly low bulk density, thereby redoing the minimal filling weight that is 
commercially feasible fo: . sro in 'ry powder inhalation devices. 7mv is, most unit dose corners designed 
for OPIs are filled using :'xed volume or gravimetric techniques. Contrary to prior art formulations, the 
present invention provides 'pm&n wherein the active or bioactive agent and the incipients or bufkfag agents 
make-up the entire inhaled particfe. Compositions according to the present invention typically yield powders 
25 with bulk densities less tan 0.5 tf /cm J or 0.3 g/cm 3 , preferably less 0.1 g/cm 3 and most preferably less than 
0.05 g/cm 3 . 8y providing particle with very low bulk density, the minimum powder mass that can be filled 
into a unit dose container Is reduced, which eliminates the need for carrier particles. That is. the relotively 
low density of the powders of the present invention provides for the reproducible administration of relatively 
low dose pharmaceutical compounds. Moreover, the elimination of carrier partidas will potentially minimize . 
30 throat deposition and any: W effect, since the large lactose particles will impact the throat and upper 
airways due to their size. 

In accordance with the teachings herein the perforated microstructures will preferably be provided 
in a "dry" state. That is the microparticies will possess a moisture content that allows the powder to remain 
chemically and physically stable during storage at ambient temperature and easily dispersibie. As such, the 
3 5 moisture content of the microparticies is typically less than 6% by weight, and preferably less 3% by weight. 
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in some instances the morsiura content will be as low as 1% by weight. Of course it will be anpieuated that 
the moisiure content is, h: leest in pan, dictated by the formulation and is controlled by the process 
conditions employed, e.g., inlet temoerature, teed concentration, pump rate, and blowing agent type, 
concentration and post drying. 

With respect to th* composition of the structural matrix defining the perforated rnicrostructures. they may 
be formed of any material which possesses physical and chemical characteristics that are compatible with any 
incorporated active agents. -While a wide variety of materials may be used to form the parrides, in particularly 
preferred pharmaceutical embodiments the structural matrix is associated with, or comprises, a surfactant such as 
•phospholipid or fluorinated surfactant. Although not required, the incorporation of a compatible surfactant can 
improve powder flowahifity, increase aerosol efficiency, improve dispersion stability, and facilitate preparation of a 
suspension. It wfll be appreciated that, as used herein,. the terms "structural matrix" or "microstructure matrix" are 
equivalent and shall be held to mean any solid material forming the perforated microstructures which define a 
plurality of voids, apertures, hollows, defects, pores, holes, fissures, etc. that provide the desired characteristics. In 
preferred embodiments, tfru perforated microstructure defined by the structural matrix comprises a spray dried 
hollow porous microsphere incorporating at least one surfactant. It will further be appreciated that by altering the 
matrix components, the density of the structural matrix may be adjusted. Finally, as will be discussed in further 
detail bBlow, the perforated microstructures preferably comprise at least one active or bioactive agBnL 

As indicated, the uirf ora^d microstructures of the present invention may optionally be associated with, or 
comprise, one or more surfactants. Moreover, miscible surfactants may optionally be combined in tho esse where 
the microparticies are fonr.'/.ated in a suspension medium jiquid phase. !t will be appreciated by those skilled in the 
art that the use of surfaces, wh<ie not necessary to practice the instam invention, may further increase dispersion 
stability, powder flowahiiity, simplify formulation procedures or increase efficiency of defiveiy. Of course 
combinations of surfactant?, inditing the use of one or more in the liquid phasa and onB or more associated with the 
perforated microstructures.are cmhemplated as being within the scope of the invention. By "assrHated with or 
comprise" it is meant that the structural matrix or perforated microstructure may incorporate, adsorb, absorb, be 
coated with or be formed by the surfactant. 

In a broad sense, surfactants suitable for use in the present invention include any compound or composition 
that aids in the formation uf perforated microparticies or provides enhanced suspension stability, improved powder 
dispersibility or decreased pe/ude aggregation. The surfactant may comprise a single compound ot -iny i ombinatidn 
of compounds, such as in the case of co : sur fact ants. Particularly preferred surfactants are nonfluorinated and 
selected from the group consisting of saturated and unsaturated lipids, nonionic detergents, nonionic block 
copolymers, ionic surfactants and combinations thereof. In those embodiments comprising stabilized 
dispersions, such nonfluorinated surfactants will preferably be relatively insoluble in the suspension medium. 
It should be emphasized that, in.; addition to the aforementioned surfactants, suitable fluorinated surfactants 
are compatible with the teachings herein and may be used to provide the desired preparations.. 
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Lipids, including phospholipids, from both natural and synthetic sources ars particularly compatible 
with the present invemiw and may be used in varying concentrations to form the Structural matrix. 
Generally compatible lipids comprise those that have a gel to liquid crystal phase transition greater'than about 
40°C. Preferably the incorporated lipids are relatively long chain (i.e. C„ C B I saturated lip,ds and more 
5 preferably comprise phospholipids. Exemplary phospholipids useful in the disclosed stabilized preparations 
comprise, dipalmhoylphosphaiidylcholine. disteroylphosphatidylcholine, diarechidoylphosphetirlylcholine 
dibehenoylphosphatidylcholine. short-chain phosphatidylcholines. long-chain saturated 
phosphatidylethanolamines. long-chain saturated phosphatidylserines. long-chain saturated 
phosphatidylglycerols, long-chain saturated phosphatidylinositols. glycolipids. ganglioside GM1. sphingomyelin. 
1 0 phosphatide acid, cardinipin; lipids bearing polymer chains such as polyethylene glycol, chitin, hyaluronic acid, 
or polyvinylpyrrolidone; lipids bearing sulfonated mono-, di-. and polysaccharides; fatty acids such as palmitic 
acid, stearic acid, and oleic acid; cholesterol, cholesterol esters, and cholesterol hemisuccinate. Oua to their 
excellent biocompatibility characteristics, phospholipids and combinations of phospholipids and poloxamers 
are particularly suitable for use in the pharmaceutical embodiments disclosed herein. 

, Compatible nonrcnic detergents comprise: sorbitan esters including sorbitan trioleate (Span 1 '' 85). 
sorbitan sesquioleate, sorbitan monooleate, sorbitan monolaurate. polyoxyethylene 120) sorbitan monolaurate. 
and polyoxyethylene (ZD! sorbitan monooleate, oleyl polyoxyethylene (21 ether, stearyl polyoxyethylene (2) 
ether, lauryl polyoxyethyle.-.e (4) ether, glycerol esters, and sucrose esters. Other suitable nonioAic detergents 
can be easily identified using McCutfcheon's Emulsifiers and Deterges IMcPublishing Co.. Glen Rack. New 
20 Jerseyl which is incorporated herein in its entirety. Preferred block copolymers include diblock and Iriblock 
copolymers of pofyoxyethyfene and polyoxypropyiene. including poloxamer 188 (Plutonic 1 " F -Si), uoloxamer 
407 (Pluronic* F-127J. an-i poloxamer 338. Ionic surfactants such us sodium sulfosuccinate. and fatty acid 
soaps may also be utilized. In preferred embodiments the microstruciures may comprise oleic acid or its alkali 
salt. 

25 • ln addition ,0 tb Mentioned surfactants, catienic surfactants er lipids are preferred especially 

in the case of delivery orRNA or ONA. Examples of suitable eationic lipids include: OOTMA, N-(1-(2,3. 
dioleyloxylpropyll.N.N.N.trimethyiammoniiim chloride; OOTAP, 1.2-doleyloxy.3-(tranethylammonio| P ropane; 
and OOTB. 1.2-dioleyl-3..(A'.trimeihylammonio)butanoy|.sn.glycerol. Polycationic amino acids such as 
polylysine. and polyargininti are also contempleted. 

30 Besides those surfactants enumerated above, it will further be appreciated that a wrde range of 

surfectanis may optionally be used in conjunction with the present invention. Moreover. ! he op , jmurn 
surfactant or combination thereafter a given application can readily be determined by empirical studies that 
do not require undue experimentation. Finally, as fcussed in more detail below, surfactants comprising the 
structural matrix may also bi ussf.il in the formation of precursor oil-in weter emulsions (i.e. spray drying feed 

35 stock) used during processing to form the perforated microstruciures. 
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Unlike prior art formulations, it has surprisingly been found that the incorporation of relatively high levels of | 
surfactants (e.g., phospholipids) may he used to improve powder dspersihiliry, increase suspension stabiBty and 
decrease powder aggregation of the disclosed applications. That is, on a weight to weight basis, the structural 
matrix of the perforated microstructures may comprise relatively high levels of surfactant. In this regard, the 
5 perforated microstructures will preferably comprise greater than about 1 %, 5%, 10%, 1 5%, 18%, or even 20% w/w 
surfactant. Mora preferably, the perforated microstructures will comprise greater than about 25%, 30%, 35%, 40%, 
45%, or 50% w/w surf octant. SnTother exemplary embodiments will comprise perforated microstructures wherein 
the surfactant or surfactants are piesent at greater than about 55%, 60% r 55%, 70%, 75%, 80%, 85%, 90% or 
even 95% w/w. In selacteri embodiments the perforated microstructures will comprise essentially 1C0H w/w of a 
10 surfactant such as 8 phospholipid, Those skilled in the art will appreciate that, in such cases, the balance of the 
structural matrix (where applicable} will likely comprise a bioactive agent or non surface active excipients or 
additives. 

While such surfactant levels are preferably employed in perforated microstructures, they may be used to 

provide stabbed systems r :amprising relatively nonporous, or substantially solid, particulates. That is, while preferred 
15 embodiments will comprise perforated microstructures associated with high levels of surfactant acceptable 

microspheres may be formed using relatively low porosity particulates of the same surfactant concentration (i.e. 

greater than about 20% w/w). hi this respect such high surfactant embodiments are specifically contemplated as 

being within the scope of tiv: present invention. 

. In other prefe;r:d embodiments, of the invention the structural matrix defining the perforated 
20 microst ructure optionally uimpri is synthetic- or natural polymers or combinations thereof. In this respect useful 

polymers comprise polytactidss. potylactide-glycolides, cydodextrins, pclyacryiates. methylcellulose. 

carboxv'methyfcellulose', ^lyyiriyi alcohols, pdyanhydrides, poiylactams, polyvinyl pyrrolidones. polysaccharides 

(dextrans, starchas, chitin, chitosan, etc.), hyaluronic acid, proteins, (albumin, collagen, gelatin, etc.).- Examples of 
* polymeric resins that wuuld be useful for the preparation of perforated ink microparticles include: styrene- 
25 butadiene, styrene-isopi^ie, styrene-acrylonitrile. ethylene-vinyl acetate, ethylene- acrylale, ethylenB-acrylic 

acid, ethylene-methylacryiatate, cthylene'-ethyl acrylate, vinyl-methyl methacrylate, acrylic acid-methyl j 

methacrylate. and vinyl chloride- vinyl acetate. Those skilled in the art will appreciate that by selecting the j ; 

appropriate polymers, the delivery efficiency of the perforated microparticles and/or the stability. of the dispersions y 

may be tailored to optimize the effectiveness of the active or bioactive agent. ; y ' 
30 Besides the eforementioned polymer materials and surfactants, it may be desirable to add other j 

excipients to a microsnhcrB formulation to improve particle rigidity, production yield, delivery efficiency and j- 

deposition, shelf-life and patient acceptance. Such optional excipients include, but are not limited to: coloring j . 

agents, taste masking egents, buffers, hygroscopic agents, antioxidants,' and chemical stabilizers. Further, j; 

various excipients may inccrnorated in, or added to, the particulate matrix to provide structure end form to 
3 5 the perforated microstructures (i.e. microspheres such as latex particles). In this regard it will be appreciated 
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lhat the rigidifying components can ba removed using a post-production technique such as selective solvent 
extraction. 

Other rigidifying excipients may include, but are not limited to, carbohydrates including 
monosaccharides, disaccharides and polysaccharides. For example, monosaccharides such as dextrose 
5 lanhydrous and monohydrote), galactose, mannitol, 0-mannose. sorbitol, sorbose and the tike: disaccharides <v 
such as lactose, maltose, sucrose, trehalose, and the like; trisaccharides such as raffinose and the like; and 
other carbohydrates such as starches (hydroxyethylstarch), cyclodextrins and maltodextrins. Amino acids are 
also suitable excipients with glycine preferred. Mixtures of carbohydrates and amino acids are further held to 
be within the scopa of the present invention. The inclusion of both inorganic (e.g. sodium chloride, calcium 

10 chloride, etc. I, organic (e.g. sodium citrate, sodium ascorbate. magnesium gluconate, sodium gluconate, 
tromethamine hydrochloride, etc.) and buffers is also contemplated. The inclusion of salts and organic solids 
such as ammonium carbo?tat<3, ammonium acetate, ammonium chloride or camphor are also contemplated. 

Yet other preferred embodiments include perforated microstruc lures that may comprise, cr may be coated 
with, charged species that prolong residence time at the point of contact ur enhance penetration through mucosae. 

1 5 For example, anionic charges are \:umn to favor mucoadhesion while cationic charges may be used to associate the 
formed micro particulate with negatively charged bioactive agents such ?.s genetic material. The charges may be 
impartBri through the assorinion or incorporation of polyanionic or pdycationic materials such as polyacryiic acids, 
polyiysine, polviactic acid cr/d chitDS&n. * 

In addition to, c; instead of, the components discussed abuve, the perforated micros tructures will 

20 preferably comprise at lear; nne active or bioactive agent. As used herein, the term "active agent" simply refers to a 
substance that enables thp perforated microstructures to perform the desired function. Further, the term "activu 

, . agent" shall be held inclusive of the term "bioactive agent" unless ot^rwise dictated by contextual restraints. 

As to the. term "bioactive agent" it shall be held to comprise any substance that is used in connection with the 
diagnosis or treatment of s disease, condition or- physiological abnormality in a patient. Particularly preferred 

25 bioactive agents for use in «u:ordance with the invention include anti-allergies, peptides and proteins, pulmonary lung 
surfactants, bronchodilator^- and anti-inflammatory steroids for use in the treatment of respiratory disorders such as 
asthma by inhalation therapy. Preferred active agents for use in accordance with the present invention include 
pigments, dyes, inks, paints, detergents, food sweeteners, spices, adsorbants, absorhents. catalysts, 
nucleating agents, thickening agents, polymers, resins, insulators, fillers, fertiliiers, phytohnrmones, insect 

30 pheromones, insect repellents, pet repellents, antifouling agents, pesticides, fungicidas, disinfectants, ! 
perfumes, deodorants, ami combinations of thereof. 

It will be appreciated that the perforated microstructures of the present invention may exclusively 
comprise one or more active or bioactive agents (i.e. 100% w/w). However, in selected embodiments the perforated 
microstructures may incorporate much less bioactive agent depending on the activity thereof. Accordingly, for highly 

35 active materials the perforated microstructures may incorporate as little as 0.001% by weight although a 
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concentration of greater than about 0.1% w/w is preferred. Other embodiments of the invention may.comprise 
greater than about 5%, 12%, 15%, 20%. 25%. 30% or even 40% w/w active or bioactive agent. Still more 
preferably the perforated microstructures may comprise greater than about 50%, 60%, 70%, 75%, 80% or even 
90% w/w active or bioactive agent. The precise amount of active or bioactive agent incorporated in the perforated 
5 microstructures of the present invention is dependent upon the agent of choice, the required dose, and the form of 
the agent actually used for incorporation. Those skilled in the art will appreciate that such determinations may be 
^ t made by using well-known pharmacological techniques in combination with the teachings of the present invention. 

With regard to 'pharmaceutical preparations, any bioactive' agent that may be formulated in the 
disclosed perforated microstructures is expressly held to be within the scope of the present invention. In 
10 particularly preferred embodiments, the selected bioactive agent may be administered in the form of an 
aerosolized medicaments. Accordingly, particularly compatible bioactive agents comprise any drug that may 
be formulated as a flowable dry powder or which is relatively insoluble in selected dispersion media. In 
addition, it is preferred that the' formulated agents are subject to pulmonary or nasal uptake in physiologically 
effective amounts. Ccm;.i:tible bioactive agents comprise hydrophiiic and lipophilic respiratory agenrs r pulmonary 
15 surfactants, bronchodk:-.*, antibiotics, antivirals, anti-inflammatories, steroids, antihistamines, -ieukotriene 
inhibitors or antagonists ■saticMinergics, antineoplastics, anesthetics, enzymes, cardiovascular agents, genetic 
material including DMA and RNA ; "iral vectors, immunoactive agents, imaging agents, vaccines, immunosuppressive 
agems, peptides, proteins and combinations thereof. Particularly preferred bioactive agent, for inhalation 
therapy comprise mast :.l. : l inhibitors lanti-allergics); bronchodilrto-'s, and anti-inflammatory stemids such as. 
20 for example, cromoglycm \ (e.g. 'the sodium salt), and albuterol (e.g. ihe sulfate salt). * 

More specific-! v. exemplary medicaments or bioactive agents may be selected f>om, for example, 
analgesics, e!g. codeir.:?, dihy fromorphine, ergotamine, fentanyl, or morphine; anginal p?t;;;«jr<i lions, e.g. 
diltiazem; mast call inhibitors, e.g. cromolyn sodium; amiinfectives, &.g. cephalosporins, macrolides, quinolines, 
penicillins, streptomycin: sulfanamides, tetracyclines and pentamidine; antihistamines, e.g. methapyrilene; 
25 anti-inflammatories, e.g. fluticasone propionate, baciomethasone dipropionate, flunisolide, budesonide, 
tripedene, cortisone, prednisone, prednisilone, dexamethasone, betamethasone, or triamcinolone' acetonide; 
antitussives, e.g. noscasine; bronchodilators, e.g. ephedrine, adrenaline, fenoterol, formoteral, isoprenaline, 
metaproterenol, saJbutamol, albuterol, salmeterol, terbutaline; diuretics, e.g. amiloride; anticholinergics, e.g. 
ipatropium, atropine, r:r oxitropium; lung surfactants e.g. Surfaxin, Exosurf. Survanta; xanthines, e.g. 
30 aminophylline, theophylline, caffeine; therapeutic proteins and peptides, e.g. DNAse, insulin, glucagon, LHRH, 
nafarelin, goserelin, leuprolide, interferon, rhu IL-1 receptor, macrophage activation factors such as 
lymphokines and muramyl dipuptides, opioid peptides and neuropeptides such as enkaphalins, endophins, renin 
inhibitors, cholecystDkinins. ONAse, growth hormones, Ieukotriene inhibitors and the like. . In addition, 
bioactive agents that comprise an RNA or DNA sequence, particularly those useful for gene therapy, genetic 
3 5 vaccination, genetic tolerization or antisense applications, may be incorporated in the disclosed dispersions as 
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While several pntsdures are generally compatible with the present invention, particularly preferred 
embodiments typically compose perforated microstrxtures farmed by spray drying. As is well known, 3?rcy drying 
is a one-step process that converts a liquid feed to a dried particulate form. With respect to pharmaceutical 
applications, it will he appreciated that spray drying has been used to provide powdered materia! for various 
5 administrative routes including inhalation. See, for example, M. Sacchetti and M.M. Van Oort in: Inhalation 
Aerosols: Physical and Biological Basis for Therapy, A.J. Hickey, ed. Marcel Oekkar, New York, 1996, which 
is incorporated herein by reference. 

In general, spray drying consists of bringing together a highly dispersed liquid, and a sufficient 
volume of hot air to produce evaporation and drying of the liquid droplets. The preparation to be spray dried 
10 or feed (or feed stock) car, be any : solution, course suspension, siurry, colloidal dispersion, or paste that may 
be atomized using the .-.elected spray drying apparatus. In preferred embodiments 'the feed stock will 
comprise a colloidal system such as an emulsion, reverse emulsion, microemuision, multiple emulsion, 
particulate dispersion, or slurry. Typically the feed is sprayed into a current of warm filtered air that 
eveporates the solvent am? conveys the dried product to a collector. The spent air is then exhausted with the 
1 5 solvent. Those skilled in me art yvill appreciate that several different types of apparatus may be used to 
provide the desired product. For example, commercial spray dryers manufactured by Buchi Ltd. or Niro Corp. 
will effectively produce particles of desired size. 

It will further be appreciated that these spray dryers, and specifically their atomirers, may be 
modified or customized to; specialized applications, i.e. the simultaneous spraying of two solutions using a 
20 double nozzle technique. More specifically, a watenn-oil emulsion ran be atnmized from one nozzle and a 
solution containing an a, adherent such as mannitol can be co-atoi.*.,zad from a second nozzie. in other 
cases it may be desirable :i ; iush the feed solution though a custom designed nozzie using a high prasiire liquid 
chromatography IHPLC) pura$. Provided that microstructures comprising the correct morphology anil/or composition 
are produced the choice ci -jppara*us is not critical and would be apparent to the skilled artisan in view of the 
25 teachings herein. 

While the resulting spray-dried powdered particles typically arc approximately spherical in shape, 
nearly uniform in size and frequently are hollow, there may be some degree of irregularity in shape depending 
upon the incorporated medicament and the spray drying conditions. In many instances dispersion stability 
and dispersibility of the perforated microstructures appears to be improved if en inflating agent; (or blowing 
30 agent) is used in their production. Particularly preferred. embodiments may comprise en emulsion with the 
inflating agent as the disuse or continuous phase. The inflating agent is preferably ois^szti with a surfactant 
solution, using, for instance, a commercially available microfluidizer at a pressure of about 5000 to 1 5,000 psi. This 
process forms an emulsion, preferably stabilized by an incorporated N-urfactant, typically comprising submicron 
droplets of water irnmisc&fe blowing agent dispersed in an aqueous continuous phase. The formation of such 
35 emulsions using this and other techniques are common and well known to those in the art. The blowing agent is 
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described herein^ Repressoiaiive ONA plasmids include, but are not limited to pCMVP {available from - 
Genzyme Corp, Framington, MA) and pCMV.p-gal (a CMV promoter linked to the E. coli Lace gene, which 
codes for the enzyme Pgalactosidase). 

In any event, the selected active or bioactive agentls) may be associated with, or incorporated in, 

5 tha perforated micros true tu las in my form that provides the desired efficacy and is compatible with the 
chosen production techniques. As used herein, the ternis "associate" or "associating" mean that the structural 
matrix or perforated microstructure may comprise, incorporate, adsorb, absorb, be coated with or be formed by the 
i activa or bioactive agent. Where appropriate, the actives may be used in the form of salts {e.g. alkali metal or 

amine salts or as acid addition saltsl or as esters or as solvates {hydrates}. In this regard the form of the 

10 active or bioactive agents may be selected to optimize the activity and/or stability of the actives andlor to 
minimize the solubility of tfn agent in the suspension medium and/or to minimize particle aggregation. 

It will further be appreciated that the perforated microstructures according to the invention may, if 
desired, contain a combination of two or more active ingredients. The agents may be provided in combination 
in a single species of psrforated microstructure or individually in separate species ot perforated 

15 microstructures. For example, t.wo or more active or bioactive agents may be incorporated in a single feed 
stock preparation and spray dried to provide a single microstructure species comprising a plurality of active 
agents. Conversely, the individual actives could be added to separate stocks and spray dried separately to 
provide a plurality of microstrucr.re species with different compositions. These individual sj icies could be 
added to the suspension medium or dry powder dispensing compartment in any desired proportion and placed 

20 in the aerosol delivery vystem as described below. Further, as alluded to above, the perforated 
microstructures {with or i-Mhout an associated agent) may be combined with one or more conven-ional {e.g. a 
micronized drug) active or hioactive agents to provide the desired dispersion stability or powder dispersibility. 

Based on the foregoing, it will be appreciated by thosB skilled ir, the art that a wide variety of active or 
bioactive agents may be inccrpo rated in the disclosed perforated microstructures. Accordingly, the list cf preferred ■ 

25 active agents above is exemplary only and not intended to be limiting. It will also be appreciated by those skilled in 
the art that the proper amount of bioactive agent and the timing of the dosages may be determined for the 
formulations in accordance with already existing information and without undue experimentation. 

As seen from ths passages above, various components may be associated with, or incorporated in the 
perforated microstructures of the present inventioa Similarly, several techniques may be ;)sed to provide 

30 particulates having the desired mnrphology (e.g. a perforated or^ hollow/porous configuration!, Durability and 
density. Among other metises, perforated microstructures compatible with the instant invention may be. formed by 
techniques including spray drying, vacuum drying, solvent extraction, emulsificetion or iyophilization, and 
combinations thereof. It yyiil further be appreciated that the basic concepts of many of these techniques are well 
known in the prior art and would not, in view of the teachings herein, require undue experimentation to adapt them 

35 so as to provide the desired perforated microstructures. 
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preferably a fluorinated compound (e.g. perlluorohexene, perfluorooctyl bromide, perfluorndecalin, 
pertluorohutvi ethane) which vaporizes during the spray-drying process, leaving behind generally hollow, 
porous aerodynamicaJly light microspheres. As will be discussed in more detail below, other suitable liquid 
blowing agents include nonfluorinated oils, chloroform, Freons, ethyl acetBte, alcohols and hydrocarbons. 
5 Nitrogen and carbon dioxide gases are also contemplated as a suitable blowing agent. 

Besides the aforementioned compounds, inorganic and organic substances which can be removed 
under reduced pressure by subornation in a post-production step are also compatible with the instant 
invention. These sublimating compounds can be dissolved or dispersed as micronized crystals in the spray 
drying feed solution and include emmonium carbonate and camphor. Other compounds compatible with the 

1 0 'present invention comprise rigidi lying solid structures which can be dispersed in the feed solution or prepared 
in-situ. These structures are then extracted after the initial particle generation using a post-production 
solvent extraction step. For example, latex particles can be dispersed and subsequently dried with other wall 
forming compounds, followed by extraction with a suitable solvent. 

Although the perorated microstructures are preferably formed using a blowing agent as described 

1 5 above, it will be apprecievH that, in some instances, no additional blowing agent is required and an aqueous 
dispersion of the medicarr^nt and/or excipients and surfactant(s) are spray dried directly. In such cases, the 
formulation may be amenable U process conditions (e.g., elevate temperatures) that may. lead to. the 
formation of hollow, relatively porous micro particles. Moreover, the medicament may possess special 
physicochemical properties {e.g., high crystallinity, elevated melting temperature, surface activity, etc.) that 

20 makes it particularly suitshie for -;se in such techniques. 

When a blowing age:- is employed, the degree of poroyjty and dispersibility ol !tv? perforated . 
microstnicture appears to depend, at least in part, on the nature of the blowing agent, its concentration in 
the feed stock (e.g. as an mulsionl, and the spray drying conditions. With respect to controflmg porosity and, 
in suspensions, dispersihility i: has surprisingly been found th*' the use of compound.**., heretofore 

25 unappreciated as blowins agenis, may provide perforated microstructures having particularly desirable 
characteristics. More particularly, in this novel and unexpected aspect of the present invention it has been 
found that the use of flurjrinatad compounds having relatively high boiling points (Lb. greater than about 
40°C) may be used to pruauce particulates that are particularly porous. Such perforated microstructures are 
especially suitable for inflation therapies. In this regard it is possible to use fluorinated or partially 

30 fluorinated blowing agents having boiling points of greater than about 40°C. 50°C, 6Q°C, 70 W G, 80 Q C, 90°C 
or even 95°C. Particularly preferred blowing agents have boiling points greater than the boiling point of 
water, i.e. greater than TOO°C [e.g. perflubron, perfiuorodecaiinl. In addition blowing agents with relatively 
low water solubility ( < 1Q fi M] are preferred since they enable the production of stable emulsion dispersions 
with mean weighted particle diameters less than 0.3 jim. 



-17- 



WO 99/16419 PCTAJS98/Z0602 

As previously described these blowing agents will preferably be incorporated in an emulsified feed 
stock prior to spray drying. For the purposes of the present invention this feed stock will also preferably 
comprise one or more active or bioactive agents, one or more surfactants or one or more excipients. 01 
course, combinations of the aforementioned components are also within the scope of the invention. While 
5 high boiling I > tOD°C) fluorinated blowing agents comprise one preferred aspect of the present invention, it 
will be appreciated that nonfluorinated blowing agents with similar boiling points (> 106°C) may be used to 
provide perforated microstn;ctures. Exemplary nonfluorinated blowing agents suitable for use in the present 
invention comprise the formula: 

R'-X-R'orR'-X 

10 wherein: R 1 or R 2 is hydrogen, alky!, alkenyl, alkynl, aromatic, cyclic or combinations thereof, X is any group 
containing carbon, sulfur, ni'-iogen, halogens, phosphorus, oxygBn and combinations thereof. 

While not limiting "She invention in any way it is hypothesi2ed that, as the aqueous fusd component 
evaporates during spray drying it {eaves a thin crust at the surface of the particle. The resulting particle wail 
or crust formed during the initial voments of spray drying appears to trap any high boiling bloving ayents as 

15 hundreds of emulsion drowns (ca. 200-300 nm). As the drying process continues, the pressure inside the 
particulate increases there!*/ vaporing at least part of the incorporated blowing agent and forcing it through 
the relatively thin crust. Tnis vsnting or outgassing apparently iBarfs to the formation of pores or otfiBr 
defects in the microstruciiire. Al the same time remaining particular components (possibly including some 
blowing agent) migrate from the interior to the surface as the parties solidifies. This migration apparently 

20 slows during the drying process es a result of increased resistance to mass transfer caused hy an increased 
internal viscosity. Once : l .\e migration ceases the particle solidifies, leaving voids, pores, defects, hollows, 
spaces, interstitial spaces, tenure**, perforations or holes. The number of pores or defects, their size, and the 
resulting wail thickness i* largely' dependent on the formulation andfor the nature of the selected' blowing 
agent {e.g. boiling point},, its concentration in the emulsion, total solids concentration, and the spray-drying 

25 conditions. It can be greets aporeciated that this type of particle morphology in part contributes to the 
improved powder dispersibility, suspension stability and aerodynamics. 

It has been surprisingly found that substantial amounts of these relatively high boiling blowing 
agents may be retained in the resulting spray dried product. That is, spray dried perforated microstructures 
as described herein may comprise as much as \%, 3%, 5%, 10%, 20%. 30% or even 40% w/w of the blowing 

30 agent. In such cases, higher production yields were obtained as a result an increased particle density caused 
by residual blowing agent, it will be appreciated by those skilled in the art that retained fiuorir^ied blowing 
agent may alter the surface characteristics of the perforated microstructures, thereby minimizing panicle 
aggregation during processing and further increasing dispersion stability. Residual fluorinated blowing agent 
in the particle may also reduce the cohesive forces between particles by providing a barrier or by attenuating 

35 the attractive forces produced during manufacturing (e.g., electrostatics). This reduction in cohesive forces 
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may be particularly adver.iagBous when using the disclosed microstructures in conjunction with dry powder 
inhalers. 

Furthermore, the amount of residual blowing agent can be attenuated through the process 
conditions isuch as outlet temperature), blowing agent concentration, or boiling point, if the outlet 
5 temperature is at or above the boiling point, the blowing agent escapes the partide and the production yield 
decreases. Preferred outlet temperature will generally be operated at 20. 30, 40, 50, 60, 70, 80, 90 or even 
100°C less than the blowing agent boiling point. More preferably the temperature differential between the 
outlet temperature and the boiling point will range from 50 to 1 50° C. It will be appreciated by those skilled in 
the art that particle porosity, production yield, electrostatics and rfispersibility can be optimized by first 

10 identifying the range of process conditions (e.g., outlet temperature) That are suitable for the selected active 
agents and/or excipients. The preferred blowing agent can be then chosen using (he maximum outlet 
temperature such that the iemperature differential with be at least 20 and up to 150°C. In some cases, the 
temperature differential can be outside this range such as. for example, when producing the particulates 
under supercritical cond^.ns or using lyophilization techniques. Those skilled in the art will further 

1 5 appreciate that the prefi- -u1 concentration of blowing agent can be determined experiment?!*'/ without 
undue experimentation us ; .>3 ;ech! <ques similar to those described in the Examples herein. 

While residual bowing anent may be advantageous in selected embodiments it may be desirable to 
substantially remove any hlowinp agent from the sprey dried product. In this respect, the residual blowing 
agent can easily be removed with j post-production evaporation step ?n a vacuum oven. Moreover, such post 

20 production techniques mey be ust.d to provide perforations in the p?. iiculates. For example, pores may be 
formed by spray drying a Inactive agent and an exripient that can be removed from the formed particulates 
. under a vacuum. 

In any event, typical concentrations of blowing agent in the feed stock are between 2% and 50% 
v/v. and more preferably hernial about 10% to 45% v/v. In other embodiments 'blowing agent 
25 concentrations will preferably be greater than about 5%, 10%, 15%, 20%, 25% or even 30% v/v. Yet other 
feed stock emulsions may comprise 35%. 40%. 45% or even 50% v/v of the selected high boiling point 
compound. 

In preferred embodiments, another method of identifying the concentration of blowing agent used in 
the feed is to provide it as a ratio of the concentration of the blowing agent tD that of the stabilizing 

30 surfactant le.g. phosphatidylcholine or PC) in the precursor or feed emulsion. For fluorocarbon blowing agents 
(e.g. parfiuorooctyl bromide), and for the purposes of explanation, this ratio has been termed ihe PFC/PC 
ratio. More generally, it will be appreciated that compatible blowing agents and/or surfactants may be 
substituted for the exemplary compounds without failing outside of the scope of the present invention. In 
any event, the typical PFC/PC ratio will range from about 1 to about 60 and more preferably from about 1 0 to 

35 about 50. For preferred embodimants the ratio will generally be greater than about 5, 10, 20. 25, 30. 40 or 
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even 50/ In this respect, Fig. 1 shows a series of pictures taken of perforated microstructures termed of 
phosphatidylcholine (PC) using various amounts of perflucroociyf bromide {PFO, a relatively hirjh boiling point 
fluorocarhon as the blowing agent.- The PFCJPC ratios are provided under each subset of pictures; i.e. from 
1A to IF. Formation and imaging conditions are discussed in greater detail in Examples I end II below. With 
5 regard to the micrographs, the column on the left shows tfiB intact microstructures while the column on the 
right illustrates cross-sections of fractured microstructures from the same preparations. 

As may easily he seen in the Fig. 1, the use of higher PFCIPC ratios provides structures of a more 
hollow and porous nature, ^ore particularly, those methods employing a PFC/PC ratio of greater than about 
4.8 tended to provide structures that are particularly compatible with the dry power formulations and 

10 dispersions disclosed herein. Similarly, Fig. 3, a micrograph which will be discussed in more detcil in Example 
XII below, illustrates a preferably porous morphology obtained by using higher boiling point blowing agents (in 
this case perfluorodecaiin). ' 

While relatively high boiling point blowing agents comprise one preferred aspect of the instant invention, it 
will be appreciated that m >-s conventional and unconventional blowing or inflating agents may als? be used to 

1 5 provide compatible perforate ri rnicrosiructures. The blowing agent comp- ises any volatile substance, which can 
be incorporated into the fed solution for the purpose of producing a perforated foam-like structure in the 
resulting dry microspheres. The blowing agent may be removed during the initial drying proce.^6 or. during a 
post-production step such as vacuum drying or solvent extraction. Suitable agents include: 

1. Dissolved low-bruhg (below 100 CI egents miscible with aqueous solutions, such as methylene chloride, 
20 acetone, ethyl achate, end alcohols used to saturate the solution. 

2. A gas, such as 05., or. U\o\ liquid such as Freons, CFCs, HFAs, PFCs, HFCs. HFBs, fluo: j^kanes. ano 
• hydrocarbons usrf.-jteU-;nted pressure. ..... 

3. Emulsions of immiscible low-boiling (below 1 00. CI liquids suitable for use with the present invention are 
generally of the farmu^*. 

25 R l .X-R 2 or rV-X 

wherein: R 1 or R;is hydrogen, alkyl, alkenyl, alkynl, aromatic, cyclic or combinations thereof, X is 
any groups containing -arbon. sulfur, nitrogen, halogens, phosphorus, oxygen and combinations 
thereof. . Such liquids include: Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fiuoroalkanes, and hydrocarbons. 

4. Dissolved or dispersed salts or organic substances which can be removed under reduced pressure by 
30 sublimation in a post-prnductron step, such as ammonium salts, camphor, etc. 

5. Dispersed solids which can ba extracted after the initial particle generation using a post-production 
solvent extraction step, such particles include latex, etc. 
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Wilh respect to these lowar boiling point inflating agents, they are typically added to lha *eed stock in 



to produce a spray dried powder that may be used to form the stabilized dispersions of the present invention. 

Regardless of which blowing agent is ultimately selected, it has been found that compatible 
perforated microstructures may be produced particularly efficiently using a Buchi mini spray drier (model B- 
191. Switzerland). As will be appreciated by those skilled in the art, the inlet temperature and the outlet 
temperature of the spray drier are not critical but will be of such a level to provide the desired particle size 
and to result in a product that has the desired activity of the medicament. In this regard, the inlet and outlet 
temperatures are adjusted 'depending on the melting characteristics of the formulation components and the 
composition of the feed slack. The inlet temperature may thus be between 60°C and 170°C, with the outlet 
temperatures of about 40°C to 120°C depending on the composition of the feed and the dasired particulate 
characteristics. Preferably. these temperatures will be from 90°C to 120°C for the inlet and from 60°C to 
90°C for the outlet. The flow rate which is used in the spray drying equipment will generally he about 3 ml 
per minute to about 15 mi per rrvnute. The atomizer air flow rate will vary between values of 25 liters per 
minute to about 50 liters per minute. Commercially available spray dryers are well* known to those in the art and 
suitable settings for.any pt^ncular dispersion can be readily determined through standard empirical testing, with due 
reference to the examples that follow. Of course, the conditions may be adjusted so as to preserve biological 
activity in larger molecules such as proteins or peptides. 

Though the perforated microstructures are preferably formed using fluorinated blowing agents in 
the form of an emulsion, i> -will b t appreciated that nonfluorinated oils may be used to increar.ir ?he loading 
capacity of active or bioactive agents without compromising the micrt;'tructure. In this case, selection of the 
nonfluorinated ri! is based 11000 tnB solubility of the active or bioactive agent, water solubility, boiling point, 
and flash point. The active or bioactive agent will be dissolved in the oil and subsequently emulsified in the 
feed solution. Preferably the oil will have substantial solubilization capacity with respect tc The selected 
agent, low water solubiiit; ( < 10 3 M}, boiling point greater than wMer and a flash point greater than the 
drying outlet temperature. The addition of surfactants, and co-solvents to the nonfluorinated oil to increase 
the solubilization capacity i? also within the scope of the present invention. 

. In particularly -preferred embodiments nonfluorinated oils may be used to solubHIze agents or 
bioactive agents that have limited solubility in aqueous compositions. The use of nonfluorinr.iari oils is of 
particular use for increasing* the loading capacity of steroids such as beclcmethasone diprupior.ate and 
triamcinolone acetonide. Preferably the oil or oil mixture for solubitag these clathrate forming steroids will 
have a refractive index between 1.36 and 1.41 (e.g. ethyl butyrate, butyl carbonate, dibutyl etherl. In 
addition, process conditions, such as temperature and pressure, may be adjusted in order to boost solubility of 
the selected agent. It wiii ba appreciated that selection of an appropriate oil or oil mixtures and processing 



quantities of about 1 % to 40% v/v of tha surfactant solution. Approximately 1 5% v/v inflating agent has been found 
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conditions to maximize the leading capacity of an agent are well within the purview of a skilled artisan in view 
of the teachings herein and may he accomplished without undue experimentation. 

Particularly profaned embodiments of ihs present invention comprise spray drying preparations comprising 
a surfactant such as a phospholipid and at least one active or bio active agent.' In other embodiments the spray 
5 drying preparation may further comprise an axcipiem comprising a hydrophilic moiety such as, (or ax am pie, a 
carbohydrate {i.e. glucose, lactose, or* starch! in addition to any selected surfactant. In this regard varinus starches 
and derivatized starches suitable tor use in the present invention Other optional components may include 
conventional viscosity modifiers, buffers such as phosphate buffers or other conventional biocompatible buffers or 
pH adjusting agents such as acids or basBs, and osmotic agents (to provide isotonicity, hyparosmolarity, or j... 

1 0 hyposmolarity). Examples o\ suitable salts include sodium phosphate (both monobasic and dibasic), sodium chloride, f£ 
caicium phosphate, calcium chiuride and other physiologically acceptable salts. f . 

Whatever components are selected, the first step in particulate production typically comprises feed • \ 
stock preparation. Preferably the -selected drug is dissolved in water to produce a concentrated solution. The 
drug may also be dispersed direc'ly in the emulsion, particularly in the case of water insoluble agents. 

15 Alternatively, the drug may be incorporated in the form of a solid particulate dispersion. THb concentration of , 
the active or bioactive egem used is dependent on the amount of agent required in the final powder and the 
performance of the delivery davit* employed (e.g.. the fine particle dose for a MDI or DPI!. .As needed, 
cosurfactants such as polnxamer 1B8 or span 80 may be dispersed into this annex solution. Additionally, 
excipients such as sugars end starches can also be added. 

20 In selected embodiments an oil-in-water emuision is then formed in a separate vessel. The oil 

. employed is preferably a ^arc-carbon (e.g., perfluorooctyl bromide, perfiuorodecalin) which is emi::sifiBd using 

a surfactant such as a long chaiw saturated phospholipid. For example, one gram of phospholipid may. be 

homogenized in 150 g hot distilled water (e.g., 6Q°C} using a suitable h;gh shear mechanical mixar (e.g., Ultra- 

Turrax model T-25 mixer; r\ 80QU rpm for 2 to 5. minutes. Typically 5 to 25 g of fluorocarbon is added 

25 dropwise to the dispersed ^/rfactant solution while mixing. The resulting perfluorocarbon in watch" emulsion is 

i 

then processed using a high pressure homogenizer to reduce the particle size. Typically the emulsion is ! 

processed at 1 2,000 to 1 8,000 psi, 5 discrete passes and kept at 50 to 80° C. L 

1 ' I- 

The active or bioactive agent solution and perfluorocarbon emulsion are then combined and fed into 

\v_ 

tha spray dryer. Typically. the two preparations will be miscible as the emulsion will preferably comprise an 
30 aqueous continuous phase. While the bioactive agent is solubiiized separately for the purposes of the instant 1 5 

discussion it will be appreciated mat. in other embodiments, the active or bioactive egent may be solubiiized 

lor dispersed) directly in the emuision. In such cases, the active or bioactive emuision is simply spray dried 

without combining a separate drug preparation. 

In any event, operating conditions such as inlet and outlet temperature, feed rat2, atomization 
35 pressure, flow rate of the drying air, and nozzle configuration can be adjusted in accordance with the 
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manufacturer's guidaiihas in order to produce the required panicle size, and production yield of the resulting 
dry' microstructures. Exemplary settings are as follows: an air inlet temperature between 60°C and 170°C; 
an air outlet between 40°C to 120°C; a feed rate hetween 3 ml to about 15 ml per minute: and an aspiration 
air flow of 300 L/min. and an atomization air flow rate between 25 tc 50 Umin. The selection of appropriate 
5 apparatus and processing conditions sre well within tfiB purview of a skilled artisan in view oi the teachings 
herein arid may be accomplished without undue experimentation. In any event, the use of these and 
substantially equivalent methods provide for the formation of hollow porous aerodynamically light 
microspheres with particle diameters appropriate for aerosol deposition into the lung, microstructures that are 
both hollow and porous, almost honeycombed or foam-like in appearance. In especially" preferred 

1 0 embodiments the perf oraYiJ microstructures comprise hollow, porous sprey dried microspheres. 

Along with spray drying perforated microstructures useful in the present invention may be formed 
by lyophiiization. Thosa skilled in the art will appreciate that lyophiiization is a freeze-drying process in which 
water is sublimed from the composition after it is frozen. The particular advantage associated with the 
lyophiiization process is-. that L^iogicals and pharmaceuticals that are relatively unstable in an aqueous 

15 solution can be dried wi i. ut elpvated temperatures (thereby elirnir.mirig the adverse thermal evfects), and 
then stored in a dry statn /.here there are few stability problems. With respect to the instant invention such 
techniques are particularly comsat pile with the incorporation of peptides, proteins, genetic material nnd other 
natural and synthetic mecromolecules in particulates or perforated microstniclures without compromising 
physiological activity. Ma-thuds fnr providing iyophilized particulates arB known to those of skill in the art and 

20 it would clearly not require un ;ue experimentation to provide dispersion compatible microstructures in 
accordance with the teairings herein. The Iyophilized cake cont«; ting a fine foam-like structure can be 

micronizeoVusing .technique kno'.un in the art to provide 3 to 1 Gjjm sized particles. Accordingly, to the extent 

that lyophiiization processes may be used to provide microstructures having the desired porosity and size they 
are conformance with th? -eacfurgs herein and are expressly contemplated as being within the scope of the 

25 instant invention. 

Besides the aforementioned techniques, the perforated microstructures or particles of the present 
invention may also be formed using a method where a feed solution (either emulsion or aqueous) containing 
wall forming agents is rapidly added to e reservoir of heated oil (e.g. perfiubron or other high boiling FCs) 
under reduced pressure. The water and volatile solvents of the feed solution rapidly boils and are evaporated. 

30 This process provides a perforated structure from the wall forming agents similar to puffed rice or nopcorn. 

Preferably the wall foimina agents are insoluble in the heated oil. Tlie resulting particles can then .separated 
from the heated oil using a filtering technique and subsequently dried under vacuum. 

Additionally, the.- perforated microstructures of the present invention may also be .formed using a 
double emulsion method. In the double emulsion method the medicament is first dispersed in a polymer 

35 ' dissolved in an organic solvent le.g. methylene chloride! by sonication or homogenization. This primary 
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emulsion is then stabilized by forming a multiple emulsion in a continuous equaous phase containing an 
emulsifier such as polyvinyl alcohol. Evaporation or extraction using conventional techniques and apparatus 
then removes the organic solvent. The resulting microspheres Bra washed, filtered end dned prior to 
combining them with an appropriate suspension medium in accordance with the present invention 
5 Whatever production method is ultimately selected for production of the perforated microstructures, 

the resulting powders have a number of advantageous properties that make them particularly compatible for 
use in devices for inhalation therapies. In particular, the physical characteristics of. the perforated 
microstructures make them extremely effective for use in dry powder inhalers and in the formation of 
stabilized dispersions that may be used in conjunction with metered dose inhalers, nebulizers and liquid dose 
10 instillation. As such, the perforated microstructures provide for the effective pulmonary administration of 
bioactive agents. 

In' order to maximize dspersibility, dispersion stability and optimize distribution upon administration, the 
mean geometric particle sizn of the oerforated microstructures is preferably about 0.5-50 m, more preferably 1-30 
m. It will be appreciated trnt lanj& panicles lie. greater than 50 ml may not be preferred in applications where a 

1 5 valve or small orifice is emp-~,ed, since large particles tend to aggregate or separate from a suspension which 
could potentially clog ths;;tfevic-:». In especially preferred embodiments the mean geometric narride size {or 
diameter) of the perforated microstructures is less than 20 m or less than 10 m. Mora preferably the mean 
geometric diameter is less than about 7 m or 5 m, and even more preferably less than about 2,5 m. C .her oreferred 
' embodiments will comprise* ; spara lions wherein the mean geometric db neter of the perforated microstructures is 

20 between about 1 m and I -n. In ^specially preferred embodiments the purf orated microstructures will cnmprise a 
powder of dry, hollow, por- ^ micrcspherical shells of approximately 1 to 10 rn or 1 to 5 m in diameter, with shell 
thicknesses of approximajriy O.'i'.ii to approximately. 0.5 m.' It is a paYticider'advantagB of the prsse;;i invention •■ 
that tha particulate concentration of the dispersions and structural matrix components can be adjusted to optimize 
the delivery characteristic:, of the selected particle size. 

25 As alluded to throughout tha instant specification the porosity of the microstructures may play a 

significant part is establishing disparsihiiity le.g. in DPIsI or dispersion stability (e.g. for MDls or nebulizers). In this 
respect, the mean porosity of the perforated microstructures may be determined through electron microscopy 
coupled with modem imaging techniques. More specifically, electron micrographs of representative samples of the 
perforated microstructures may be obtained and digitally analyzed to quantify the porosity of the preparation. Such 

3 0 methodology is well known in the art and may be undertaken without undue experimentation. 

. For the purposes of the present invention, the mean porosity (La. tha percentage of tha particla surface 
area that is open to the interior and/or a central void) of the perforated microstructures may range from 
approximately 0.5% to approximately 80%. In more preferred embodiments, the mean porosfty will range from 
approximately 2% to approximately 40%. Besed on selected production parameters, the mean porosity may be 

35 greater than approximately, 2%, 5%, 10%, 15%, 20%, 25% or 30% of the micrbstructura surface area. In other 
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embedments, the msan porositY of the microstructures may be greater than about 40%. 50%. 60%, 70% qr even 
80%: As to the pores themselves, they typically range in size from ebout 5 nm to about 400 nm with mean pore 
sizes preferattyin Ihe range of from about 20 nm to about 200 nm.. In particularly preferred embodiments the mean 
pore size will be in the range of from about 50 nm to about 100 nm. As may be seen in Figs. 1A1 to 1 F2 and 
5 discussed in more detail below, it is e significant advantage of the present invention that the pore size and porosity 
may be closely controlled by careful selection of the incorporated components and production parameters. 

In this regard, the particle morphology and/or hollow design of the perforated micrastructures also plays an 
important role on the cf spersibility or cohesiveness of the dry powder formulations disclosed herein. That is. it has 
been surprisingly discovered that the inherent cohesive character of fine powders can* be overcome by lowering the 
1 0 van der Waals, electrostatic attractive and liquid bridging forces that typically exist between dry. particles... More 
specifically, in concordance with the teachings herein, improved powder dispersibility may be provided by engineering 
ihe particle morphology and density, as well as control of humidity and charge. To that en*, the perforated 
microstructures of the present invention comprise pores, voids, hollows, defects or other interstitial spaces which 
reduce the surface contact ewa between particles thereby minimizing interaarticle forces. In addition, the use of 
15 surfactants such as ptiosphd?nids and fluorinated blowing agents in accordance with the teachings herein may ■ 
contribute to improvements in the flow properties of the powders by tempering the charge and strength of the 
eieclrosi a tic forces. as well as moisture content. 

Most fine powders in.g. < 5/ym) exhibit poor dispersibility which can be problematic when attempting to 
deliver, aerosolize and/or pad.v.ge the powders. In this respect the major forces which control particle interactions 
20 can typically be divided into iv. g anil short range forces. Long range forces include gravitational attractive forces 
and electrostatics, where ;lw inter xiion varies as a square of the separation distance or parti?.!* diameter. 

Important short range forces for dry powders include van der Waals interactions, hydrogen bondii* r-nd liquid 

bridges. The latter two short range /orces differ from the others in that they occur where there is already contact 
' between particles. It is a mpj* advantage of the present invention that these attractive forces may be substantially 
25 attenuated or reduced thrown -ha Ubj of perforated microstructures as described herein. 

In en effort to overcome these attractive forces, typical prior art dry powder formulations far DPIs 
comprise microni2ed drug particles that are deposited on large carrier particles (e.g.; 30 to 00 //ml such as lactose or 
agglomerated units of pure drug particles or agglomeration of fine lactose particles with pure drug, since they are 
more readily tluidized than neat drug particles. In addition, the mass of drug required per actuation is typically less 
30 than 100/jg and is thus prohibitively too small to meter. Hence, the larger lactose particles in prior art formulations 
function as both a carrier particle for aerosolization and a baking agent ft:; metering. The' use of large particles in ■ 
these formulations are employed since powder dispersibility and aerosolization efficiency improves with increasing 
increasing particle size as a result of diminished interparticle forces (French. D.L Edwards. DA, sand Niveri R.W.. J. 
Aerosol Sci. 27, 769-783. 199S which is incorporated herein by reference). That is, prior art formulations often use 
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large particles or carriers to overcome the principle forces controlling dispersibiliry such as van der Waols forces, 
liquid bridging, ami electrostatic attractive forces that exists between particles. 

Those skilled in the nr\ will appreciate that the van der Waais IVDW) attractive force occurs at short range 
and depends, at least in part, on thn surface contact between the interacting particles. When two dry particles 
approach each other the VW forces increase with an increase in contact area. For two dry particles, the magnitude 
of the VDW interaction force, F 0 ^. can be calculated using the following equation: 



where h is Planck's constant, td is the angular frequency, ^ is the distance at which the adhesional force is at a 
maximum, and r, and r 2 are the radii af the two interacting particles. Accord ngly, it will be appreciated that one way 

1 0 to minimize the magnitude q'nd strength of the VDW force for dry powdBrs is to decrease the interpaiticle area of 
. contact. It is important to ; ;! }te that the magnitude d 0 is a reflection of this area of contact. The minimal area of 
contact between two oppodng bodies wiB occur if the particles are perfect spheres. In addition, the area of contact 
will he further minimized if the particles are highly porous. Accortfingiy, the perforated microstructurcs.of the present 
invention act to raduca intcrparrJcle contact and corresponding VDW attractive forces. It is important to note that 

1 5 this reduction in VDW forces is largely a result of the unique particle morphology of the powders of the present 
invention rather than an increase in geometric panicle diameter. In this regard, it will be appreciated that particularly 
preferred embodiments of *fe present invention provide powders having average or small particulates |e.g. mean 
geometric diameter < 10 ,um\ exhibiting relatively low VDW attractive forces. Conversely, soliu non-spherical 
particles such as conventional micranized drugs of the same size will axert greater interparucle forces between them 

20 and. hence, will exhibit pt^r powdF ; dispersibility. 

Further, as indi'.'.^d above, the electrostatic force affecting powders occurs when either ov b<nh of the 
parades are electrically charged. This phenomenon will result with either an attraction or repulsion between 
particles depending on the similarity or dissimilarity of charge. In the simplest case, the electric charges can be 
described using Coulomb's Law. One way to modulate or decrease the electrostatic forces between panicles is if 

25 either or both particles have non conducting surfaces. Thus, if the perforated micrnstructure powders comprise 
excipients, surfactants or active agents that are relatively non-conducting, then any charge generated in the particle 
will be unevenly distributed over the surface. As a result, the charge half-life of powders comprising non-conducting 
components will be relatlyeiY she;! since the retention of elevated charges is dictated by the resistivity of the 
material. Resistive or non-conducting components are materials which will neither function as an efficient electron 

30 donor or acceptor. 
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Oerjaguin at af. IMufler. V.M.. Yushchenko. V.S.. and Derjagioa B.V.. J. Colloid Interface Sci. 1980, 77. 1 15- 
1 191, which is incorporated herein by reference, provide a list ranking moiecular groups for their ability to accept or 
donate an electron. In this reoard exemplary groups may be ranked as follows: 

5 Donor NH, > OH > OR > COQR > -CH 3 > C5H5 > 

•halogen > -CnOH > -CO > -CN Acceptor 

The present invention provides for the reduction of electrostatic effects in the disclosed powders though 
the use of relatively non-conductive materials. Using the above rankings, preferred non-conductive materials would 

1 0 include halogenated andfor hydrogenated components. Materials such as phospholipids and fiuorinated blowing 
agents Iwhich may be retanod to some extent in tha spray dried powders) are preferred since they can provide 
resistance to particle charging. It will be appreciated that the retention of residual blowing agent {e.g. 
fluorochemicds) in the panicles, even at relatively low levels, may help minimize charging of the perforated 
micro-structures as is typicF.'!y impaled during spray drying and cyclone separation. Based on general electrostatic 

1 5 principles and the teachings rarein, *ne skilled in the art would be able tu Jentify additional materials that serve to 
reduce the electrostatic forces of the disclosed powders without undue experimentation. Further, if needed, the 
electrostatic forces can also be manioulated and minimized using electrification and charging techniques. 

In addition to thi* surprising advantages described above, the present invention further provides for the 
attenuation or reduction of hydrogr..: and fiquid bonding. As known-tn thos? skilled in the art, both hy^ogen bonding 

20 and liquid bridging can result from moisture that is absorbed by the powder. In general, higher humidities produce 
. higher interparticle forces f-'ir hydrophiiic surfaces. This is a substantial problem in prior art pharmaceutical 
formulations for inhalation therapies which tend to employ relatively hydrophiiic compounds such as lactose. 
However, in accordance with the Cachings herein adhesion forces due to adsorbed water can be modulated or 
reduced by increasing the Mrophribicity of the contacting surfaces. One skilled in the art can appreciate that an 

25 increase in particle hydrop'rirjacity can ba achiavBd through Bxcipient selection andior use a post-production spray 
drying coating technique such as employed using a fluidized bed. Thus, preferred exciptents include hydrophobic 
surfactants such as phospholipids, fatty acid soaps and cholesterol." In view of the teachings herein, it is submitted 
that a skilled artisan woiirj be able to identify materials exhibiting similar desirable properties without undue 
experiment atioa - - 

30 In accordance' with the present invention, methods such as angle of repose or shear index can be used to 5 

assess the flow properties of dry powders.- The angle of repose is defined as the angle formed when a cone of 
powder is poured onto a flat surface. Powders having an angle of repose ranging from 45° to 20° are preferred and 
indicate suitable powder flov;. Mnru particularly, powders which possess en angle of repose between 33° and 20° 
exhibit relatively low shear forces and arc especially useful in pharmaceutical preparations for usd in inhalation 

3 5 therapies (e.g. DPI si. The shear index, though more time consuming to measure than angle of repose; is considered 
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mere reliable and easy to determine. Those skilled in the art will appreciate that the experimental procedure outlined 
by Amidon and Houghton (G'.E. Amidon, and M.E. Houghton, Pharm. ManuU Z 20, 1985, incorporated herein by 
reference) can be used estimate the shear index tor the purposes of the present invention. As described in S. Kocova 
and N. Pilpel. J. Pharm. Pharmacol. 8, 33-55, 1973. also incorporated herein by reference, the shear index is 

5 estimated from powder parcneters such as, yield stress, effective angle of internal friction, tensile strength, and 
specific cohesion, in the present invention powders having 8 shear index less then about 0.98 are desirable. More 
, preferably, powders used in the disclosed compositions, methods and systems wiii have shear indices less than about 
1.1. In particularly preferred embodiments the shear index will be less than about 1.3 or even less than about 1.5. 
Of course powders having afferent shear indices may be used provided the result in the effecu've dapusition of the 

1 0 active or bioactive agent at the site of interest. 

. It will el so be appreciated that the flow properties of powders have been shown correlate well with bulk 
density measurements. In this regard, conventional prior art thinking (C.F. HarwoDd, J. Pharm. ScL, 60, 161-163, 
19711 held that an increase 'si bulk density correlates with improved flow properties as predicted by the shear index 
of thB material. Converses it ha^ surprisingly been found that, for the perforated microstructures of the present 

1 5 invention, superior flow parties were exhibited by powders having relatively low bulk densities. That is; the hollow 
porous powders of the present invention exhibited superior flow properties over powders substantially devoid of 
pores. To that end, it has been found that it is possible to provide powdsrs having bulk densities of less than 0.5 
gfern 3 that exhibit particuinrly .favorable flow properties. More surprisingly, it has been found that it is possible 
to provide perforated mit restructure powders having bulk dansities of less than 0.3 gicm 3 or even less than 

20 about 0.1 g/cm 3 that exhibit excellent flow properties. The ability tu produce low bulk density powders having 
superior flowability further i ramnates the novel and unexpected nature of the present invention. 

In addition, it will hfi appreciated that the reduced attractive forces .{e.g. van der Waals. 
electrostatic, hydrogen a*v. liquid bonding, etc.) and excellent flowability provided by the perforated microstructure 
powders- make them particularly useful in preparations for inhalation therapies {e.g. in inhalation devices such as 

25 DPIs, MQIs. nebulizers}. Along with the superior flowability, the.perforated or porous and/or hollow design of 
the microstructures also plays an important role in the resulting aerosol properties of the powder when 
discharged. This phenomenon holds true for perforated microstructures aerosolized as 8 suspension, as in the 
case of an MD! or a nebulizer, or delivery of perforated microstructures in dry form as in the case of a DPI. In 
this respect the perforated structure and relatively high surface area of the dispersed micraparticles enables them to 

30 be carried along in the flow of gases during inhalation with greater ease for longer distances then non-perforated 
. particles of comparable si?e. 

More particularly, because of their high porosity, the density of the particles is sigreficantly less than 
1.0 gjem 3 , typically less than 0.5 gfcm 3 , mor8 often on the order of 0.1 g/cm 3 , and as low as 0.01 g/cm 3 . 
Unlike the geometric particle size, the aerodynamic particle size. d atr , of the perforated microstructures 

35 depends substantially on the parttde density, p : d atr = d^ n p, where d gto is the geometric diameter. 
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For a partide density of 0.1 g/cm ] . d etr will be roughly three times smaller than </,„, leading to increased 
particle deposition into the peripheral regions of the lung and correspondingly less deposition in the throat. In 
this regard, tha mean aerodynamic diameter of the perforated microfractures is preferably lass than about 5 
urn. more preferably less than about 3 fjm, and. in particularly preferred embodiments, less than about 2 /jm. 
5 Such particle distributions will act to increase the deep lung deposition of the bioactive agent whether 
administered using a DPI, NIDI or nebulizer. Further, having a larger geometric diameter ihen aerodynamic 
diameter brings the particles closer to the wall of the alveolus thus increesing the deposition of small 
aerodynamic diameter particles. 

As will be shovm subsequently in the Examples, the particle sire distribution of the aerosol 
10 formulations of the present invention are measurable by conventional techniques such as, for example, 
cascade impaction or by time of flight analytical methods. In.addition. determination ol the emitted dose from 
inhalation devices were done according to the proposed U.S. Phermecopeia method [Pharmacopeia! Preview, 
2211996) 30651 which is incorporated herein by reference. These and related techniques enable the "fine 
partide fraction" of the .erosol, which corresponds to those particulates that are likely to effectively 
15 deposited in the lung, I:-'* emulated. As used herein the phrase "fine particle fraction' 1 refers to the 
percentage of the total amount of ective medicament delivered per actuetion from the mouthpiece of a DPI, 
MDI or nebulizer onto plates 2-7 4 an 8 stage Andersen cascade impactor. Based on such measurements the 
formulations of the presi*! invention will preferably have a fine particle fraction of approximately 20% or 
more by weight of the or/foratbd microstruclures (w/wl. more preferably they will exhibit o fine particle 
20 fraciion of from about 2F, to 80% w/w. and even more preferably from about 30 to 70% w/w. In selecied 
embedments the presan. inve.ii.on will preferably comprise a line particle fraction of greater than about 
30%. 40%. 50%, 60%, 7t)% or 80% by weight. 

Further, it has siso been found that the formulations of the present invention exhibit relatively low 
deposition rates, when compared with prior art preparations, on the induction port and onto plates 0 and 1 of 
25 tha impector. Deposition on these components is linked with deposition in tha throat in humans. Mora 
specifically, most commercially available MOIs and OPIs have simulated throat depositions of approximately 
40-70% (w/wl of the total dose, while the formulations of the present" invention typically deposit less than 
about 20% w/w. Accordingly, preferred embodiments of the present invention have simulated throat 
depositions of less than about 40%.35%. 30%. 25%. 20%, 15% or even 10% w/w. Those skilled in the art 
30 will appreciate that significant decreese in throat deposition provided by the present invention will result in a 
corresponding decrease in assodeted local side-effects such as throat irritation and candidiasis. • 

With respect to the advantageous deposition profile provided by the instant invention it is well 
known. that MDI propellants typically force suspended particles out of the device at a high velocity towards 
the beck of the throat. Since prior art formulations typically contain a significant percentage of large 
35 particles end/or aggregates, as much as two-thirds or more of the emitted dose may impect the throat. 
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Moreover, the ond8sirabla delivery profile of conventional powder preparations is also exhibited under 
conditions of low particle velocity, as occurs with DPI devices. In general, this problem is inherent when 
aerosolizing solid, dense, particulates which are subject to aggregation. Yet, as discussed above, the novel 
and unexpected properties of the stabilized dispersions of the present invention result in surprisingly low 
5 throat deposition upon administration from inhalation device such as a DPI, MDI atomizer or nebulizer. 

While not wishing to be bound by any particular theory, it appears that the reduced throat 
deposition provided by the instant invention results from decreases in particle aggregation and from the 
hallow and/or porous morphology of the incorporated microstructures. That is, the hollow and porous nature 
of the dispersed microstructures slows the velocity of particles in the propellent stream (or gas stream in the 
10 case of DPIsI, just as a hollow/porous whiffle ball decelerates faster than a baseball. Thus, rather than 
impacting and sticking to the back of the throat, the relatively slow traveling particles. are subject to 
inhalation by the patient. Moreover, the highly porous nature of the particles ellows th propellent within the 
perforated microstructure.to rapidly Ieav8 and the particle density to drop bafore impacting thB throat. 
Accordingly, a subst entity higher percentage of the administered bioactive agent is depositH in the 
1 5 pulmonary air passages where it may be efficiently absorbed. 

■ With respect to inhalation therapies, those skilled in the art will appreciate that the perforated 
' microstructure powders of ine present invention are particularly useful in DPIs. Conventional DPIs, or dry powder 
inhalers, comprise powdered formulations and devices where a predetermined dose of medicament, either alona or in 
a bland with lactase carrir partides, is delivered as a fine mist or aerosol of dry powder for inhalation. The 
20 mecicament is formulated »\ a way such that it readily disperses into discrete particles with a size rage between 0.5 
to 20 pin. The powder is wanted either by inspiration or by some external delivery force, such as pr e ssurized air. 
DPI formulations are typi:ii>y packaged in single dose units or they employ reservoir systems capable of metering 
multiple dosas with manual transfer of the dose to the davice. 

OPIs are general' 1 / dashed based on the dosa delivery system employed. In this respect, \he two major 
25 types of DPIs comprise mil dose delivery devices and bulk reservoir delivery systems. As used herein, the term 
"reservoir" shall be used In c general sense and held to encompass both configurations unless otherwise dictated by 
contextual restraints. In any event, unit dose delivery systems require the dose of powder formulation presented to 
the device as a single unit;- With tfcs system, the formulation is prefilled into dosing wells which may be foil-packaged 
or presented in blister strips to prevent moisture ingress. Other unit dose packages include hard gelatin capsules. 
30 Most unit dose containers designed for DPIs are filled using a fixed volume technique. As a result, there are 
physical limitations (hers density) to tha minimal dose that can ba metered into a unit package, which is 
dictated by the powder ftowability and bulk density. Currently, the range of dry powder that can be filled 
into a unit dose container is in the range of 5 to 15 mg which corresponds to drug loading in the range of 25 
to 500/yg per dose. Conversely, bulk reservoir delivery systems provide a precise quantity of powder to be 
35 metered upon individual delivery for up to. approximately 200 doses. Again like the unit dose systems, the 
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powder is meiered using a fixed volurtiB cell or chamber that the powdar is filled into. Thus, the density .of the 
powder is a mejor factor limiting the minimal dose that can be delivered with this device. Corsnfly bulk 
reservoir type OPIs cen metnr between 200//g to 20 mg powder per actuetion. 

OPIs are designed . to be manipulated such that they break open the capsule/blister or to load bulk 
powder during actuation, followed by dispersion from a mouthpiece or actuator due to the patient's 
inspiration. When the prior an formulations ere actuated from a DPI device the lactose/drug aggregates are 
aerosolized and the patient inhales the mist of dry powder. During the inhalation process, the carrier particles 
encounter shear forces whereby some of the micronized drug particles ere separated from the lactose 
particulate surface. It will be appreciated that the drug particles are subsequently carried into the lung. The 
large lactose particles impccfthe throat and upper airways due to size and inertia! force constraints. The 
efficiency of delivery of the drug particles is dictated by their degree of adhesion with the earner particles 
and their aerodynamic property. 

DeBggregation can be increased through formulation, process and device design improvements. For 
example fine partide lacto.-i (FPL) is often mixed with coarse lactose carriers, wherein the FPL will occupy 
high-energy binding sites or. the carrier particles. This process provides more passive sites for adhesion of the 
mictonized drug particles. This tertiary blend with the drug has been shown to provide statistically significant 
. increases in fine particle fraction. Other strategies include specialized process conditions where drug particles 
are mixed with FPL to produce agglomerated units. In order to further increase particulate deposition, many 
OPIs are designed to provhis daaggragation by passing the dosage form over baffles, or through tortuous 
20 channels that disrupts tha flow properties. 

The addition of FP! , agglomeration with FPL end specialized device design provides an improvement 
... »». the dBaggregation oyormulations, however, the clinically important parameter is the fine particle dose 
received by the patient. Ttegh improvements in deaggregation can be provided, a major problem still exists 
with current OPI devices, in zhat them is an increase in respirable dose with an increased inspiratory effort. 
This is a result of an incret-sed fine particle fraction corresponding to the increesed disaggregation of partide 
agglomerates as the airflow increases through the inhaler with increesing inspiratory effort. Consequently 
dosing accuracy is compromised, leading to complications when the devices are used to administer highly 
efficacious drugs to sensing potations such as children, adolescents and the elderly. Moreover, the dosing 
inaccuracy associated with conventional preparations could complicate regufatory approval. ' 

In stark contrast, tha perforated microstructure powders of the present invention obviate many of the 
difficulties associated with. prior art carrier preparations. That is. an improvement in DPI performance may be 
provided byenginaaring the partide, dze, aerodynamics, morphology and density, as wall as control of humidity and 
charge. In this respect tha present invention provides formulations wherein the medicament and the incipients 
or bulking agents are prefsrebly associated with or comprise the perforated mierostmctures. As set forth 
above, preferred compositions according to the present invention typically yield powders with bulk densities 
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less than 0.1 g/cm 3 and often lass than 0.05 glcm 3 . It will be appreciated that providing powders having bulk 
densities an order of a magnitude less than conventional DPI formulations allows for much lower doses of the 
selected bioactive agent to be filled into e unit dose container or metered via reservoir-based DPIs. The ability 
to effectively mater smell quantities is of particular importance . for low dose steroid, long acting 
5 bronchodilators Bnd new protein or peptide medicaments proposed for DPI delivery. Moreover, the ability to 
effectively deliver particulates without associated carrier particles simplifies product formulation, filling and 
reduces undesirable side effects. 

As discussed above, the hollow porous powders of the present invention exhibit superior flow properties, . 
as measured by the engle of repose or shear index methods described herein with respect to equivalent powders 

10 substantially devoid of pores. That is, superior powder flow, which appears to be a function of built density and 
particle morphology, is observed where the powders have a bulk density less than 0.5 glcm 3 . Preferably the 
powdars have bulk dansitiBsif less !han about 0.3 g/cm 3 , 0.1 g/cm 3 or even less than about 0.05 g/cm 3 . In this 
regard, it is theorized that the perforated microstructures comprising pores, voids, hollows, defects or other 
interstitial spaces contribute tn powder flow properties by reducing the surface contact area between particles Bnd 

15 minimizing interparticla fores:. In addition, the use of phospholipids in preferred embodiments end retention of 
fiuorinated blowing agents mny also contribute to improvements in the flow properties of the powders by tempering 
the charge' and strength of tho electrostatic forces as well as moisture content. 

• In addition to the aforementioned advantages, the disclosed powders exhibit favorable aerodynamic 
properties that make ther» particularly effective for use in DPIs. More specifically, the perforated structure 

20 and relatively high surface erea of :he micropartides enables them to be carried along in the flow t»* }ases during 
inhalation with greater ease and for longer distances than relatively non-perforated particles of comparable size. 
Because of their high poroity and low density! administration of the perforated microstructu/es with a DPI ^ 
provides for increased particle deposition into the peripheral regions of the lung and correspondingly less 
deposition in the throat. Such particle distribution acts to increase the deep lung deposition of the 

25 administered agent which is preferable for systemic administration. Moreover, in a substantial improvement 
over prior art DPI preparations the low-density, highly porous powders of the present invention preferably 
eliminate the need for carrier particles. Since the large lactose carrier particles will impact the throat and 
upper airways due to their size, the elimination of such particles minimizes throat deposition and any 
associated "gag" affect associated with conventional OPls. 

30 Along with their use in a dry powder configuration, it will be appreciated that the perforated 

microswuctures of the present invention may be incorporated in 8 suspension medium, to provide. stabilized 
dispersions. Among other uses, the stabilized dispersions provide for the effective delivery of bioactive 
agents to the pulmonary- air passages of a patient using MDls, nebulizers or liquid dosB instillation (LD1 
techniques). 
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As with the DPI embodiments. Administration of a bioBctiua agent using an MDI, nebulizer or L0! technique 
may be indicated for the treatment of mild moderate or severe, acute or chronic symptoms or for prophylactic 
treatment Moreover, the hamm agent may be administered to treat local or systemic conritions or dsorders. It 
will be appreciated that tha precise dose administered will depend on the age and condition of the patient, the 
5 particular metfcament used and the frequency of administratioa and will ultimately be at the Discretion of the 
attendant physician. When combinations of bioactiva agents are employed, the dose of each component of the 
combination wfli generally be that employed for each component when used alone. 

Those skilled- in the an will appreciate the enhenced stability of the disclosed dispersions or ■ ■< 
suspensions is largely achieved by lowering the van der Waals attractive forces between the suspended 
1 0 particles, and by reducing the differences in density between the suspension medium and the particles. In 
accordance with tha teachings herein, the increases in suspension stability may be imparted by engineering 
perforated microfractures; which are then dispersed in a compatible suspension medium. As discussed 
above, the perforated microstores comprise pores, voids, hollows, defects or otherinterstitiai spaces that 
allow the fluid suspension medium to freely permeate or perfuse the particulate boundary. Particularly 
15 preferred embodiments cc'.prise perforated micro structures that are both hollow and porous, almost 
honeycombed or foam-like in appearance. In especially preferred embodiments the perforated microstructures 
comprise hollow, porous spr.ay dried microspheres. 

When the perforated microstructures are placed in the suspension medium (i.e. pruuelUt). the 
suspension medium is able to permeate the particles, thereby creating a "homodispersion", wherein both the 
continuous and dispersed phases are indistinguishable. Since the defined or "virtual" particles (i.e. comprising 
the volume circumscribed by the microparticulats matrix! are made up almost entirely of the medium in which 
they are suspended, the faces oriving particle aggregation. (flocculhtion). are- minimized. . Additionally,, the, .. 
differences in density bitvmn the defined panicles and the continuous phase are minimized by having the 
microstores filled with the medium, thereby effectively slowing particle creaming or sedimentation. As 
such, the perforated micv>; spheres and stabilized suspensions of the present invention are particularly 
compatible with many aerosolization techniques, such as MDI and nebuiization. Moreover, the stabilized 
dispersions may be used in liquid dose instillation appfications. 

Typical prior art suspensions (e.g. for MDIsl comprise mostly solid particles and small amounts 
(<1% w/w| of surfactant. {e.g. lecithin, Span-85, oleic acid) to increase electrostatic repulsion between 
particles or polymers to st eric ally decrease particle interaction. In sharp contrast, the suspensions of the 
present invention are designed not to increase repulsion between particles, but rather to decrease the 
attractive forces between particles. The principal forces driving flocculation in nonaqueous media are van der 
Weeis attractive forces. As discussed abeva, VDW forces are quantum mechanical in origin and can be 
visualized as attractions between fluctuating dipoles (i.e. induced dipoie induced dipole interactions). 
Dispersion forces are extremely short-range and scale as the sixth power of the distance between atoms. 
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When two macroscopic bodies approach one another the dispersion attractions between the atoms sums up. • 
The resulting force is of considerably longer range, and depends on the geometry of the interacting bodies. 

More specifically, for two spherical particles, the magnitude of the VDW potential, V A , can be 
approximated by: y a where A eff \s the effective Hamaker constant which 

accounts for the nature of the particles and the medium, H 0 is the distance between particles, and R } and 

are the radii of spherical particles 1 and 2. The effective Hamaker constant is proportional to the 
difference in the poia/izabilities of the dispersed particles . and the suspension ■ medium: 



A tJJ = (V^-vAf ~ -J ^ part V ■ wnere A sm and ^part are ,he Hamaker constants for the suspension 
medium and the particles, respectively. As the suspended particles and the dispersion medium become similar 
10 in nature, A& 4 and Ap^ become closer in magnitude, and A tff and V A become smaller. That is, by 

reducing the differences between the Hamaker constant associated with suspension medium and the 
Hamaker constant assisted with the dispersed particle's, th* effective Hamaker constant (and 
corresponding van der Wa?. s attractive forces) may be reduced. 

One way to minimize the differences in the Hamaker constants is to create a "homodispersion", that 

15 is make both the continuous ant dispersed phases essentially indistinguishable as discussed above. Besides 
exploiting the morphology of the a rticles to reduce the effective Hamaker constant, the compels of the 
structural matrix (defining the i ^rf orated microstructures) will preferably be chosen so as .o exhibit a 
Hamaker constant relative'-/ close to that of the selected suspension medium. In this respect, one may use 
the actual values of the Hamaker constants of the suspension medium and the particulate components to 

20 determine the compati&ility of tfe disp»i«aVYngre3ients 'and* prdvicle 'a'-godcf , i^dicatTD^ , as to the stabilityof 
the preparation. Alternatively, one could select relatively compatible perforated microstructure components 
and suspension medium* using characteristic physical values thai coincide with measurable Hamaker 
constants but are more reucaly discernible. 

In this respect, ir has been found that the refractive index values of many compounds tend to scale . 

25 with the corresponding Hamaker constant. Accordingly, easily measurable refractive index values' may be 
used to provide a fairly good indication as to which combination of suspension medium and particle excipients 
will provide a dispersion having a relatively low effective Hamaker constant and associated stability. It will 
be appreciated that, since refractive indices of compounds are widely available or easily derived, the use of 
such values allows for the formation of stabilized dispersions in accordance with the present- invention 

30 without, undue experimentation. For the purpose of illustration only, the refractive indices of several 
compounds compatible with the disclosed dispersions are provided in Table 1 immediately below: 



Table i 
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Refractive Index 




1 1 "71 
1.1 11 


' HFA-227 




: CFC-12 


t 9R7 
l .La I 


CFC-I14 


1.288 


' PFOB * 


1.305 


Mannitol 


1.333 


EthBno) 


1.361 


n-octane 


1.397 


* OMPC 


1.43 ; 


Plutmiic F-68 


1.43 


Sucrose 


1.538 


Hydroxyethylstarch 


1.54 


Sodium chloride 


1.544 
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Consistent with the compatible dispersion components set forth above, those skilled in the art will 
appreciate that, the formation of dispersions wherein the components have a refractive index differential of 
less than about 0.5 is preferred. That is, the refractive index of the suspension medium will preferably be 
within about 0.5 of the refractive index associated with the perforated particles or microstructures. It will 
further be appreciated that, the refractive index of the suspension medium and the particles may be measured 
directly or approximated using the refractive indices of the major component in each respective phase. For 
the perforated microstructures, the major component may be determined on a weight percent basis. For the 
suspension medium, the rr? jor component will typically be derived on a volume percentage basis. In selected 
embodiments of the pres*.« invention the refractive index.differentiai value will preferably be less than about 
0.45. about 0.4, about 0.'.^ or even less than about 0.3. Given that lower refractive index differentials imply 
greater dispersion stability, ^artinjlarly preferred embodiments comprise index Differentials of (ess than about 
0.28, about 0.25, about 0.2, about 0.15 or even less than about 0.1. It is submitted that a skilled, artisan will 
be able to determine which excipients are particuierly compatible without undue experiment p'jon given the 
instant 'disclosure. The u/.'imate choice of preferred excipients wilt" also be influenced by other factors, 
inducing biocompatibility, regulatury status, ease of manufacture, cost. 

1 As discussed above, the minimization of density differences between Ihe particles and the 
continuous phase is largely dependent on the perforated and/or hollow nature of the microstructuies, such 
that the suspension medium constitutes most of the particle volume. As used, herein, the term "particle 
volume" corresponds to the volume of suspension medium that would be displaced by the incorporated 
hollow/porous particles if they were solid, i.e. the volume defined by tha particle boundary. For the purposes 
of explanation, and as discussed above, these fluid filled particulate volumes may be referred to as "virtual 
particles." Preferably, the average voiumB of the bioactive agent/excipient shell or matrix (i.e. the volume of 
medium actually displaced by the perforated micro structure! comprises less than 70% of the average particle 
volume (or less than 70% of the virtual particle). More preferably, the volume of the microparticulate matrix 
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comprises less than about 50%, 40%, 30% or even 20% of the average particle volume; Even more 
preferably, the average volume of the shell/matrix comprises less than about 10%, 5%, 3%. or 1% of the 
average particle volume. Those skilled in the art will appreciate that, such a matrix or shell volumes typically 
contributes little to the virtual particle density which is overwhelmingly dictated by the suspension. medium 
5 found therein. Of course, in selected embodiments the excipients used to form the perforated microstructure 
may be chosen so the density of the resulting matrix or shell approximates the density of the surrounding 
suspension medium. 

It will further be Appreciated that, the use of such microstructures will allow the apparent density 
of the virtual particles to approach that of the suspension medium substantially eliminating the attractive van 
10 der Weals forces. Moreover, as previously discussed, the components of the microperticulate matrix are- 
preferably selected, as much as possible given other considerations, to approximate the density of suspension 
medium. Accordingly, in preferred embodiments of the present invention, the virtual particles and the 
suspension medium will have a density differential of less than about 0.6 g/crn\ That is, the mean density of 
the virtual particles las defined by the matrix boundary) will be within approximately 0.6 g/cm 3 of the 
1 5 suspension medium. More preferably, the mean density of the virtual particles will be within 0.5, 0.4, 0.3 or 
0.2 g/cm 3 of the selected suspension medium. In even more preferable embodiments the density differential 
will be leas than about 0.1, 0.05. 0.01, or even less than 0.005 g/cm 3 . 

In addition to ti;^ aforementioned advantages, the use of hollow, porous panicles aiicws for the 
formation of free-flowing dispersions comprising much higher volume fractions of particles in suspension. It 
20 should be eppreciated th:iv, the formulation of prior art dispersions at volume fractions approaching close- 
pecking generally results in dramatic increases in dispersion viscoeiaslic behavior. Rheologic^ behavior of 
this type Is not "appropriate for MOl' applications'. ''Those skilled in the art will appreciate that, the volume . . 

' fraction of the particles :r> iy be defined as the ratio of the apparent volume of the particles (Lb. the particle 
volume! to the total volune of the system. Each system has a maximum volume fraction or packing fraction. 
25 For example, panicles in a simple cubic arrangement reach a maximum packing fraction of 0.52 while those in 
a face centered cubic/hex eg oral close packed configuration reach a maximum packing, fraction of 
approximately 0.74/ For non-spherical particles or polydisperse systems, the derived values are different. * 
Accordingly, the maximum packing fraction is often considered to he an empirical parameter for a given 
system. 

■ 

30 Here, it was surprisingly found that the porous structures of the present invention do not exhibit 

undesirable viscoeiaslic behavior evBn at high voiuma fractions, approaching close packing. To the contrary, 
they remain as free flowing, low viscosity suspensions having little or no yield stress when compared with 
analogous suspensions ..comprising solid particulates. The low viscosity of the disclosed suspensions is 
thought to be due, at least in large part, to the relatively low van der Weals attraction between the fluid- filled 
3 5 hollow, porous particles. - As such, in selected embodiments the volume fraction of the disclosed dispersions is 
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greater than approximately 0.3. Other embodiments may have packing values an the order of 0.3 to. about 
0.5 or on the order of 0.5 to about 0.8, with the higher values approaching a close packing conrfition.' 
Moreover, es p8rticla sedimentation tends to naturally decrease when the volume fraction approaches close 
packing, the formation of relatively concentrated dispersions may further increase formulation stability. 

Although the methods and compositions of the present invention may be used to form relatively 
concentrated suspensions, the stabilizing factors work equally well at much lower packing volume's and such 
dispersions are contemplated as being within the scope of the instant disclosure. In this regard, it will ba 
appreciated that, dispersions comprising low volume fractions are extremely difficult to stabilize using prior 
art techniques. . Conversely, dispersions incorporating perforated microstructures comprising a'bioactive 
agent as described herein are particularly stable even at low volume fractions. Accordingly, the present 
invention allows for stabilized dispersions, and particularly respiratory dispersions, to be formed and used at 
volume fractions less than 0.3. In some preferred embodiments, the volume fraction is approximately 0.0001 
• 0.3. more preferably 0.001 - 0.01. Yet other preferred embodiments comprise stabilized suspensions having 
volume fractions from approximately 0.01 to approximately 0.1. 
15 The perforated i^crostruclures of the present invention nay also be used to stabilize dilute 

suspensions of microrazed bioactive agents. In such embodiments the perforated microstructures may be 
added to increase the volume fraction of panicles in the suspension, thereby increasing suspension stability to 
creaming or sedimentation.. Further, in these embodiments the incorporated microstructures may also act in 
preventing close approach {aggregation) of the micronized drug parlid.es. It should be appreciated that, the 
20 perforated microstructures incorporated in such embodiments do not necessarily comprise a bioactive egent. 

Rather, they may be formeo exclusively of various Bxcipi8nts, including surfactants. 
. , . Th°se skilled in the art will further appreciate that the stabilized suspensions or dispersions of the 

present invention may be prepared by dispersal of the microstructures in the selected suspension medium 
which may -then be placed In a container or reservoir. In this regard, the stabilized preparations of the present 
25 invention can be made by .ripply combining the components in sufficient quantity to produce the final desired 
dispersion concentration. Although the microstructures readily disperse without mechanical energy, the 
application of mechanical energy to aid in dispersion (e.g. with the aid of sonicationl is contemplated, 
particularly for the formation of stable emulsions or reverse emulsions. Alternatively, the components may be 
mixed by simple shaking or other type of agitation. The process is preferably carried out under anhydrous 
30 conditions to obviate any adverse effects of moisture on suspension stability. Once formed, the t&spersion has 
a reduced susceptibility to fieccuJation and sedimentation. 

As intficated throughout the instant specification, the dispersions of the present invention are preferably 
stabilized. In a broad senss, the term "stabilized dispersion' 1 will be held to mean any dispersion that resists 
aggregation, flocculation or creaming to the extent required to provide for the effective delivery of a bioective agent. 
3 5 White those skilled in the art will appreciate that there are several methods that may be used to assess the stability 
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of a given dispersion, a preferred method for the purposes of the present invention comprises determination of 
creaming or sedimentation time using a dynamic photosedimentation method. As seen in Example IX and figure 2, a 
preferred method comprises subjecting suspended particles to a centrifugal force and measuring absorbance of 
the suspension as a function of time. A rapid decreese in the absorbence identifies e suspension with poor 
stability. It is submitted that those skilled in the en will be able to adept the procedure to specific 
suspensions without undue experimentation. 

For the purposes of the present invention the creaming time shall be defined as the time for the suspended 
drug particulates to cream ^o 112 the volume of the suspension medium. Similarly, the sedimentation ♦ime may be 
defined as the time it takesMor Ihe-particulates to sediment in 1/2 the volume of the liquid medium, Basidas the 
photosedimentation technique described above, a relatively simple way to determine the creaming time of a 
preparation is to provide the particulate suspension in a sealed glass vial. The vials ere agitated or shaken to provide 
relatively homogenous dispersions which are then set aside and observed using appropriate instrumentation or by 
visual inspection. The time necessary for the suspended particulates to cream to 1/2 the volume of tha suspension 
rneolum (i.e., to rise to the voo half of the suspension medium), or to sediment within 1/2 the volume (i.e, to settle in 
the bottom 1/2 of the meoW.tl, b iV-n noted. Suspension formulations having a creaming time greater than 1 minute 
are preferred and incicate suitable stability. Mora preferably, the stabilized dispersions comprise creaming times of 
greater than 1, 2, 5, 10, 15, 20 or 30 minutes. In particularly preferred embodiments, the stabilized dispersions 
exhibit creaming times of greater than about 1, 1.5, 2, 2.5, or 3 hours. Substantially equivalent periods for 
sedimentation times are inri^ative uf compatible dispersions. 

As discussed heran, the stabilized dispersions disclosed herein may preferably be administered tn the nasal 
or pulmonary eir passages of a patient via aerosolized on, such as with a metered dose inhaler, i fie use of such 
* stabilized preparations provides for superior dosa reproducibility and improved lung deposition as described above. _ 
MDIs are well known in the art and could easily be employed for administration of the claimed dispersions without 
undue experimentation. Breath activated MDls, as well as those comprising other types of improvements which 
hBve been, or will be, developed are also compatible with the stabilized dispersions and present invention and, as 
such, are contemplated as being with in the scope thereof. However, it should be emphasized that, in preferred 
embodiments, the stabilized dispersions may be administered with an MD1 using a number of different routes 
inducing, but not limited to, topical, nasal, pulmonary or oral. Those skilled in the art wiQ appreciate that, such routes 
are wel known and that the dosing and administration procedures may be easily derived for the stabilized dispersions 
of tha present invention. ' 

MO! canisters t^.erelly comprise a container or reservoir capable of withstanding the vapor pressure of 
the propellant used such as, a plastic or plastic-coated glass bottle, or preferably, a metal can or, for example, an 
alumirium can which may optionally be anoized, lacquer-coated and/or plastic-coated, wherein the container is 
dosed with a metering vsive. The metering valves are designed to deliver a metered amount of the formulation per 
actuation. The valves inucrporate a gasket to prevent leakage of- propellant through the valve. The gasket may 
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comprise any suitable elastomeric material such as, for example, low density polyethylene, cNarob'utyf, Mack end 
white hutadene-acryjonitrite -mbbsrs, butyl rubber and neoprene. Suitable vetoes are commercially avaflable from 
manufacturers weU known in the aerosol industry, for example, from Valois, France (e.g. DRO, DF30, DF 31/50 ACT, 
DF60). Bespak pic, LTK [e.g. BK300, BK356) and 3M-Neotechnic Ltd., UK le.g. Spraymiserl. 
5 - Each filled canister is conveniently fitted into a suitable channeling device or actuator prior to use to form e 

metered dose inhaler for administration of the medicament into the lungs or nasal cavity of a patient. Suitable 
. channeling devices comprise for example e valve actuator and a cylindrical or cone-like passage through which 
medcament maybe delivered from the filled canister via the metering valve, to the nose or mouth of a patient e^^.a, 
mouthpiece actuator. Metered dose inhalers arc designed to deliver a fixed unit dosage of medcament per actuation 
1 0 such as, for example, in the range of 10 to 5000 micrograms of bioactiva agent per actuation. Typically, a singla 
charged canistBr will provide for tens or even hundreds of shots or doses. 

With respect to ItiDls, it is an advantage of the present invention that any biocompatible suspension 
medium having adequate vapor pressure to act as a propellant may be used. Particularly preferred suspension media 
are compatible with use in Tietered-dose inhaler. That is, they will be able to form aerosols upon the Ovation of 
1 5 the metering valva and essnciated release of pressure. In general, the selected suspension medium should be 
biocompatible (i.e. relatively iion-toxicj and non-reactive with respect to the suspended perforated microstructures 
comprising the bioactive agent. Preferably, the suspension medium will not act as a substantial solvenrfor any 
components incorporated in the perforated microspheres. Selected embodiments of the inventirnr comprise 
suspension media selected from the group consisting of fiuorocarbons (including those substitute, with other 
20 halogens!, hydroflucroalkanes. perfluorccaroons, hydrocarbons, alcohols, ethers or combinations thereof. It will be 
appreciated that, the susperr t ;ori medium may comprise a mixture of various compounds selected to. in rpan.sperific 
characteristics. . 

Particdariy suitable propeilants for use in the MDI suspension mediums of the present "invention are those 
propellant gases that can be liquefied under pressure at room temperature and. upon inhalation or topical iise. are 
safe, toxicologicady innocuous and free of side affects. In this regard, compatible propeilants may comprise any 
hydrocarbon, fiuorocarbon f hydrogen-containing fluorocarbon or mixtures thereof having a sufficient vapor 
pressure to efficiently form aerosols upon activation of a metered dose inhaler. Those propellents typically 
termed hydrofluoroalkanes or HFAs are especially compatible. Suitable propeilants include, for example, short 
chain hydrocarbons, C M hydrogen-containing chlorofluorocarbons such as CH : CIF, CCI 2 F 2 CHCIF, CF 3 CHCIF, 
CHF 2 CCIF 2 , CHC!FCHF 2 , CF ; CH 2 CI, and CCIF 2 CH 3 ; C M hydrogen containing fiuorocarbons (e.g. HFAs} such as 
CHF 2 CHF 2 , CF 3 CH 2 F, CHF 7 CH 3r and CFtjCHFCF^ and perfluoro carbons such as CF 3 CF 3 and CF 3 CF 2 CF 3 . 
Preferably, a single perfiuorocarbon or hydrogen-containing fluorocarbon is employed as the propellant. 
Particularly preferred as propeilants are U,U-tetrafluaroethane (CF 3 CH 2 FJ (HFA-134a) and 1,1,1,2,3,3,3- 
heptafluoro-n-propane (CF 3 CHFCF 3 | (HFA-227), perfluoroethane, monoclrforodifluoromethane, 1.1-difluoroethane. 
35 , and combinations thereof. It is desirable that the formulations contain no components that deplete 



25 



30 



-39- 



BPPI 



[ 



WO 99/16419 " PCTAJS98/20602 

stratospheric ozone. In /'particular it is desirable that the formulations are substantially free of 
chlorofluorocarbons such as CCI 3 F, CCI^, and CFjCCIj. 

Specific fiuorocarfaojis. or dasses of fluorinated compounds, that are useful in the suspension media 
include, but are not limited to, fluoroheptane, fiuorocycloheptane, fiuonHnethylcyclQneptana, fluorohexanB, 
tluorocyciohexanB,' fiuoropentane, . fluorocyclopentana, fluoromethyicyclopentane, fluorocfimethylcyclopentanes, 
fluoromethylcyciobutanB, fluorpdimethylcydobutane, fiuorotrimethylcydobutane, fiuorobutane, fluorocyclobutane, 
fiuorcpropane, fiuoroethers, fluoropolyethers and fluorotriethyiemines. It will be appreciated that, these compounds 
may ba usad alona or in combination with more volatile propellams. It is a distinct advantage that sucrrccmpounds 
are generally environmentally sound and biologically non-reactive. 

• In edition to the aforementioned fluoracarbons and hydrofluoroalkanes, various 
chlorofluorocarbons and substituted fluorinated compounds may also be used as suspension mediums in 
accordance with the teachings herein: In this respect, FC-11 {CC13FI, FC-11B1 |CBrCI2FI, FC-11B2 
(CBr2Clfl, FC12B2 (CF2Br2l, FC21 ICHCI2FL FC21BT {CHBrCIF}, FC-21B2 iCHBr2FI, FC-31B1 |CH2BrFL 
FC113A (CC13CF3), FC122 (CCIF2CHC12I, FC-123 (CF3CHC121, FC132 ICHCIFCHCIFJ, FC-133 (CHCIFCHF2J, 
FC-141 (CH2CICKC1R, ?M41B (CCI2FCH3I, FC-142 (CHF2CH2CI), FC-151 {CH2FCH2CD, FC-152 
(CH2FCH2a F(M112 (CC»F-CCIF1, FC-t 121 (CHCI-CFCl) and FC-1131 (CHCI-CHF) are all compatible with 
the teachings herein despite possible attendant environmental concerns. As such, each of these compounds 
may be used, alone or h Combination with other compounds {i.e. less volatile fluorocarbqnsl *n form the 
stabilized respiratory disp .^ions of the present invention. 

Along with theiv'-ementioned embodiments, the stabilized dispersions of the present invention may 
also be used in conjunction with nebulizers to provide an aerosolized medicament that may be iuTiiinistered to 
the pulmonary 1 air passages of a patient in need thereof. Nebulizers are well known in the art and c.Dud easily.be 
employed for administration of tha claimed dispersions without undue experimentation. Breath active* ed nebulizers, 
as well as thosa comprising other typBS of improvements which have been, or will be, developed are also compatible 
with the stabilized dispersions and present invention and are contemplated as being with in the scopa thereof. 

. Nebulizers work by forming aerosols, that is converting a bulk liquid into small droplets suspended in a 
breathable gas. Here, the aerosolized medicament to be administered (preferably to the pulmonary air passages) will 
comprise small droplets of: suspension medium associated with perforated microstructures comprising a bioactive 
agent. In such embodiments, the 'stabilized dispersions of the present invention will typically ba placed in a fluid 
reservoir opsrably associated with a nebulizer. The specific volumes of preparation provided means of filling the 
reservoir, etc., will largely be dependent on the selection of the individual nebulizer and is well within the purview of 
tha skiBed artisan. Of course, the present invention is entirely compatible with single-dose nebulizers and multiple 
dose nebulizers. \ ' 

Traditional prior art nebulizer preparations typically comprise aqueous solutions of the selected 
pharmaceutical compound. With such prior art nebulizer preparations, it has long been established that corruption of 
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the incorporeted therapeutic compound can severely reduce efficacy. For example, with conventional aqueous multi- 
dose nebuf zer preparations, bacterial contamination is a constant problem. In addition, the solubilized medicament 
may predpitate out or degree over rime, adversely affecting the delivery profile. This is particularly true of larger, 
more labile biopriymars such as enzymes or other types of proteins. Precipitation of the incorporated btativB agent . 
may lead to partdB growth that results in a substantial reduction in lung penetration and a corresponding decrease in 
bioavailability. Such dosing incongruities markedly decrease the effectiveness of any treatment. 

The present invention overcomes these and other difficulties by providing stabilized dispersions with 
a suspension medium that inferably comprises a fluorinated compound (i.e. a fluorochemical, fluorocarbon or 
perfluorucarbon). Particular preferred embodiments of the present invention comprise fluorachsrr^is ihat are 
liquid at room temperature. As jndfosted above, the use of such compounds, whether as a continuous r.r l3se ar as 
a suspension meifium, provides several advantages over prior art liquid inhalation preparations. In ||.\. ^rd, it is 
well established that many fluorochemrcals have a proven history of safety and biocompatibility in the lung. Further, 
in contrast to aqueous solutions, fluorochemicals do not negatively impact gas exchange following pulmonary 
administration. To the contrary, they may actually be able to improve gas exchanga and. due to their unique 
1 5 wettability characteristics, are able to carry an aerosolized stream of partides deeper into the iung, thereby 
improving systemic delivery of the desired pharmaceutical compound. In addtion, the relatjveiy non-reactive nature 
of fluorochemicals acts to retard any degradation of an incorporated bioactive agent. Finally, many fluorochemical * 
are also bacteriostatic thereby decreasing the potential for microbial growth in compatible nebulizer devices. 

In any event, nebulizer mediated aerosolization typically require- an input of energy in order ;o produce the 
20 increased surface area of tltf dropiess and, in some cases, to provide" transportation of the atomizer! . ; aerosolized 
meokament. One common mode of aerosolization is forcing a stream of fluid to b B ejectad from a noi > 3 , whereby 
, ... .droplets are formed, With rasper! to^nebufized administration, additional energy is usually imparted to provide 
droplets that wiO be suffraev.tly small to be transported deep into the lungs. Thus, additional energy ts needed, such 
as that provided by a high velocity gas stream or a piezoelectric crystal. Two popular types of u'ebuJizers, jet 
nebulizers and ultrasonic nebulizers, rely on the aforementioned methods of applying additional energy to the fluid 
during atomization. 

In terms of putetary delivery of bioactive agents to the systemic circulation via nebuiization. recent 
research has focused on th- nse of portable hand-held ultrasonic nebuhers, also referred to as metered solutions. 
These devices, generally known as singfe-bolus nebulizers, aerosolize a single bolus of medicarion.in an aqueous 
30 solution with a partida size efficient for deep lung delivery in one or two breaths. These devices fall into three broad 
categories. The first eatery comprises pure piezoelectric single-bolus nebulizers such as those described by 
Muttariein, at a!. (J. Aerosol Med. 1988; 1:231). In another category, the desired aerosd doud may be generated 
by microchanneJ extrusion single-bolus nebulizers such as those described in U.S. Pat. No. 3,81 2,854. finally, a third 
category comprises devices exempted by Robertson, et. aL. (WO 92/1 1050) which describes cydic prestation 
single-bolus nebulizers. Each af the aforementioned references is incorporated herein in their entirety. Most devices 
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are manually actuated, but some devices exist which are breath actuated. Breath actuated devices' work by 
releasing aerosol when the dnvice senses the patient inhaling through a circuit. Breath actuated nebulizer* may also 
be placed in-line on a ventilator circuit to release aerosol into the air flow which comprises the inspiration gases for a 
patient. 

5 Regardless of which type of nebulizer is employed, it is an advantage of the present invention that 

biocompatible nonaqueous compounds may be used as suspension mediums. Preferably, they will be able to form 
aerosols upon the application of energy thereto. In general, the selected suspension medium should be biocompatible 
lie. relatively non-toxicl and non-reactive with respect to the suspended perforated microstructuras comprising the 
bioBctive agent. Preferred embodiments comprise suspension media selected from the group consisting of 

10 fluorochemicals, fluorocarbons (including those substituted with other halogens!, perfluororarbons. 
fluorocarbonlhydrocarbon dihlocks, hydrocarbons, alcohols, ethers, or combinations thereof. It will be appreciated 
that the suspension medium may comprise a mixture of various compounds selected to impart specific 
• characteristics. It will also ' be appreciated that the perforated microstructures are preferably insoluble in the 
suspension medium, thereby providing for stabilized medicament particles, and effectively protecting a selected 

1 5 bioactive agent from degradation, as might occur during prolonged storage in an Bqueous solution. In preferred 
embo imams, the selectBd suspension medium is bacteriostatic. The suspension formulation also protects the 
bioactive agent from degradation during the nebuSzation process. 

As indicated abov?. the .-.uspension media may comprise any one of a number of different compounds 
inducing hydrocarbons, flutiocaraons or hydrocarbon/fluorocarbon diblocks. In general, the contemplated 

20 hydrocarbons or highly fiuo nated nr perfluorinated compounds may be linear, branched or cyclic, arnurated or 
unsaturated compounds. Conventional structural derivatives of thesB fluorochemicals and hydrocarbons are also 
contemplated as being within the scope of the present invention as well. Selected embedments comprising these 
totally or partially fluorinateu compounds may contain one or more hetero-atoms and/or atoms of bromi;;a or chlorine. 
Preferably, these fluorochemicals comprise from 2 to 16 carbon atoms and include, but are not limbed to, linear, 

25 cyclic or polycycGc perfiuiitoalkanas, bislperfluoroaikyOalke'nes, oerfluoroethers, perfluoroaminas. perfluoroalkyl 
bromides and perfiuoroalkyi chlorides such as dichlorooctana. Particularly preferred fluorinated compounds for use in 
the suspension medium nsy comprise perfiuorooctyl bromide C B F, 7 Br (PFOB or perflubron), dichlornfiuorooctana 
C 8 F, 6 C( 2 and the hydrofluor^olkans ijerfluorooctyl ethane C B F 17 C 2 H 5 (PF0E1. With respect to other ambodiinants, the 
use of perfluorohexane or pcrfluorcpumane as the suspension medium is especially preferred. 

30 More generally; cxem;-hry fluorochemicals which are contemplated for use in the pr^ent invention 

generally include halogenatad fluorochemicals (i.e. C n F 2a .,X, XC n F 2fl X, where n - 2-10, X - Br, CI or I) and, in 
particular, Ibromo-F-butora n-C 4 F 9 Br, t-bromo-F-hexene |n-C 6 F 13 Br), 1-bromoF-heptane {r>C 7 F 15 Br), 1.4-dibromo-F- 
butane and l,6-dibromo-F : hexen3. Other useful brominated fluorochemicals are disclosed in' !JS Patent No. 
3,975,512 to Long and are incorporated herein by reference. Specific fluorochemicals having chloride substituents. 



-42- 



WO 99/16419 PCTyUS98/20602 

such as perfuoroo:tYlch!ond8|rvC g F 17 CIL 1,8-<ficHarD-FoctanB<n.CIC s F !B CI) i l.e-dicHorD-F-hexanein-CICeF^Cn, and 
1, 4-dichJoro-F-butana (n-CIC^Cll ere also preferred. 

Fluorocarfcons. f!i:arocarbon-hydrocarbon compounds and halogenated fluorochemicals containing other 
linkage groups, such as esters, thioethers and amines am also suitable for use as suspension media in the present 
5 invention. For instance, compounds having the general formula, C^OCJ^,, or C^CH-CHC^,, (as for 
example C 4 F,CH-CHC,F S (P44EI, i-C 3 F s CH-CHC 8 F, 3 IFh36EI, and C,F„CH-CHC 6 F 13 {F-66E)) where n and m are the 
same or different and n and m am integers from about 2 to about 12 are compatible with teachings herein. Useful 
fluDrochemical-hydrocarbon olbiock andtriblock compounds include those with the general formulas C^.,^^., 
and C^itHnn, where n - 2-12; m - 2-16 or CJ^yCJF v CJ^ u where p - M2, m - 142 and n - 2-12. 
10 Preferred compounds of this type include C^Afy C 3 F, 3 C.,H 2K C 8 F 17 C 8 H 17 , (tf l ,CH-.CHC l H ll and 
C 8 F 17 CH-CHC )0 H 2I . Substituted ethers or polyethers G.e. XCjyjCJ^X, XCFOC n F 2o OCF 2 X, where n and m «- 14; X 
- Br,Ci orllandnuorochemica^^ C^o-OC^,,, where n - 2-10; m - 

2-16 or CpH^rO-CJvO-CJ^,, where p - 2M m - H2 and n - 2-12) may also used as well as C^O- 
CnF^DCp^, wherein a m and p are from 1-12. Furthermore, depending on the application, perfluoroalkyiated 
1 5 ethers or polyethers may hp. :;*np3tible with the claimed dispersions. 

Polycydic and cyclic fluorochemicals, such as C, D F, B (F-decalin or pa;3uoradecalin) ( 
perfluoroperhydrophenonthrene, perfluorotetramethylcyclohexane (AP-144).and perfluoro n-butyideciJin are also 
within tha scope of tfiB invention; Adclrjonal useful fluorochemicals include perfluorinated amines, such as F- 
tripropylaminE ("FTPA") ./'dj-tributylamine ["FTBA"). F-4-methyloctBhydrDquinaGzme ("FMOOT) JN-methyi- 
20 decahydroisoquinoiine m . V"}. F-N-methyldecahydroquindine rFHCT), F-N-cydohexylpyrroiidine rFCHP"] and F-2- 
butyltetrahydrofuran ("FC : : J"or T ~i:-77"J. Still other useful fluorinated compounds include perfe^vhe^nthrene, 
. perfiuoromethyidBcaiin f perflucryiiimethvlethvlcyclohBxane, perfluorodimethyidecaiin, perfiuorfK$Gthyldecaiin. 
perfluoromethyladsmantan* perfiuorodrmethyladamantanB. Other contemplated fluorochemicals having nonfluorine 
substituents. such as, perfttjorooctyi hydride, and similar compounds having different numbers of era b?n atoms are 
25 also useful. Those skilted in the art will further appreciate that other variously modified fluorochemicals are 
encompassed within the broad definition of fluprochemicai as used in the instant application and suitab!?. for use in 
the present inventioa As such, each of the foregoing compounds may be used, alone or in combination with other 
compounds to form the steUfized Aspersions of the present invention. 

Specific fluorucarbons, nr classes of fluorinated compounds, that may be. useful as suspension mma 
30 include, but are not limited to.- fluoroheptans, fiuorocydoheptana fluoromethylcycloheptane, flunrohexane, 
fluorocyclohaxane, fluorapantaim, fluorocyclopemane, fluoromethyicydopentane; fluorodmethylcydopentanes, 
fluorcrnethytevdobutane, fiuorodirnethylcydobutane, fluorotrimethylcyclobutena, fluorobutane, fluorocydobutene, 
fluoropropane, fluoroethars, fluoropdyethers and fluorotriethylemines. Such compounds are generally 
environmentally sound and -re biologically non-reactive. 
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WWe any fluid compound capable of producing an aerosol upon the application of energy may 'be used in 
conjunction with the present invention, the selected suspension medium will preferably have a vapor i?,essure less 
than about 5 atmospheres and more preferably less thsn about 2 atmospheres. Unless otherwise specified, all vapor 
pressures recited herein are measured at 25°C. In other embodiments, preferred suspension meda compounds will 
5 ' have vapor pressures on the order of about 5 ton to about 760 ton, with more preferable compounds having vapor 
pressures on tha order of from about 8 torr to about 600 torr, while still mora preferable compounds will have vapor 
pressures on the order of from about 10 torr to about 350 torr. Such suspension media may be used in conjunction 
with compressed air nebulizers, ultrasonic nebulizers or with mechanical atomizers to provide effective ventilation ^ 
therapy. Moreover, more volatile compounds mBy be mixed with lower vapor pressure components rb provide 
1 0 suspension media having specified physical characteristics selected to further improve stability or enhance the 
bioavailability of the dispersed bioactiva agent. 

Other embodiments nf the present invention directed to nebulizers will comprise suspension memo that boil 
at selected temperatures unter ambient conditions (i.e. 1 atml. For example, preferred embodiments will comprise 
suspension meria compounds that bnil above 0°C, above 5°C, above 10°C, above 15°, or above 20 In other 
15 embodiments, ths suspense merfia compound may boil at or above 25°C or at or above 30°C. In yet other 
embodiments, the selected suspension media compound may boil at ot above human body temperature (i.e. 37° C|, 
above 45°C, 55°C, 65°C, ?8°C, 85°C or above 100°C. 

Along with MDh -?nd nebulizers, it will be appreciated that the stabilized dispersions of the present 
invention may be used in ccjjunc:; Vwith liquid dose instillation or LDl techniques. Liquid dose ins;;! r>aj; involves 
20 the direct administration r a stabilized dispersion to the lung. In this regard, mrect pulmonary administration of 
bioactive compounds is par^dariy effective in the treatment of disorders especially where poor vascu!ar circulation . 
• of "diseased portions of. a lung rediices the effectiveness of intravenous drug delivery. With respect to LDl the 
stabilized dispersions are p-cferebly used in conjunction with partial liquid ventilation or total liqdd ventilation. 
Moreover, the- present invention may further comprise introducing a therapeutically beneficial amount of a 
25 physiologically acceptable ijas (such as nitric oxide or oxygen) into the pharmaceutical microcfispersion prior to, during 
or following administration. 

For LDl, the dispsrsions of the present invention may be administered to the lung using a pulmonary 
delivery conduit. Those skilled in the art will appreciate the term "pulmonary delivery conduit", as used herein, 
. shall be construed in a bread sense to comprise any device or apparatus, or component thereof, that provides 
30 for the instillation or adnilnistraiion of a liquid in the lungs. In this respect e pulmonBry delivery conduit or 
delivery conduit shall be held to mean any bore, lumen, catheter, tube, conduit, syringe, actuator, mouthpiece, 
endotracheal tube or bronchoscope that provides for the administration or instillation of .'.he disclosed 
dispersions to at least a portion" of the pulmonary air passages of a patient in need thereof. .It will be 
appreciated that the delivery conduit may or may not be associated with a liquid ventilator or gas ventilator. 
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In particularly preferred embodiments the delivery conduit shall comprise en endotracheal tube or 
bronchoscope. 

Here it must be emphasized that the dispersions of the present invention may be administered to 
ventilated (e.g. those connected to a mechenical ventilator) or nonventilated, patients (e.g. those undergoing 
5 , • spontaneous respiration}. Accordingly, in preferred embodiments the methods and .systems of the present 
invention may comprise the use or inclusion of a mechanicel ventilator. Further, the stabilized dispersions of 
the present invention may also bo used as a lavage agent to remove debris in the lung, or for diagustic lavage 
procedures. In any case the introduction of liquids, particularly fluorochemicals. into the lungs of a patient is 
well known and could be -jxompJished by a skilled artisan in possession of the instant specification without 
1 0 undue experimentation. 

Those skilled in the art will appreciate that suspension media compatible with LOI techniques are 
similar to those set forth qbave fcr use in conjunction with nebulizers. Accordingly, for the purposes of the 
present application suspension madia for dispersions compatible with LDi shall be equivalent to those 
enumerated above in conjunction with use in nebulizers. In any event, it will be appreciated that in 
1 5 particularly preferred LDI embodiments the selected suspension medium shall comprise a fluorochemical that 
is liquid under ambient conditions. 

It will be understood that, in connection with the present invention, the disclosed dispersions are 
preferably administered directly to at least a portion of the pulmonary air passages of a mammal. As used 
herein, the terms "direct : < stilta'an" or "direct administration" shall be held to mean the introduction of a 
20 stabilized dispersion into the lunj navity of a mammal. Thai is, iii* cVpeision will preferably '.: dministered 
through the trachea of a patient and into the lungs as a relatively free flowing liquid passir., through a 
delivery conduit end into the pulmonary eir passages. In this regard, the flow of the dispersion may be gravity 
• assisted or m3y be afforded by induced pressure such as through s Dump or the compression of a syringe 
plunger. In any case, the amount of dispersion administered may be monitored by mechanical devices such as 
25 flow meters or by visual inspection. 

While the stabilizes dispersions may be administered up to the functional residual capacity of the lungs of a 
patient, it will be appreciated that selected embodiments will comprise the pulmonary administration of. much smaller 
volumes (e.g. on the order rjf.n milliliter or less). For example, depending on the disorder to be treated, the volume 
administered may be on the order of 1, 3; 5, 10, 20, 50, 100, 200 or 500 milliliters. In preferred embodiments the 
30 • liquid volume is less than 0.25 or 0.5 percent FHC. For particularly preferred embodiments, the liquid volume 
is 0.1 oorcent FRC oHs«s. With respect to the administration of relatively low volumes of stabilized 
dispersions it will be appreciated that the wettability and spreading characteristics of the suspension media 
(particularly fluorochemicelsl will facilitate the even distribution of the bioactive agent in the lung. However, 
in other embodiments it may be preferable to administer the suspensions a volumes of greater than.0.5, 0.75 
35 or 0.9 percent FHC. In any event. LDI treatment as disclosed herein represents a new alternative for critically 
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ill patients on mechanical VeMilaiors. and opens the door for treatment of less ill patients with bronchoscope 
administration. 

It will also be understood that other components can be included in tha stabilized dispersions of the presem 
invention. For example, osmetic agems, stabilizers, chelators, buffers, viscosity modulators, salts, end sugars can be 

5 added to fine tune the stabilized dispersions for maximum fife and ease of administration. Such components may be 
added directly to the suspension medium or associated with, or incorporated in, the perforated microstructures. 
Considerations such es sterility isotonicitY, end biocomparibiiity may govern the use of conventional additives to the 
disclosed compositions. The use of such agents wil be understood to those of ordinary skill in the crt and, the 
specific quantities, ratios, and types of agents can be determined empirically without undue experimentation. 

10 Moreover, while the stabilized dispersions of the present invention are particuJariy suitable for the 

pulmonary aorninistrBtion of bio active agents, they may also be used for the localized or systemic administration of 
compounds to any location fif the body. Accordingly, it should be emphasized that in preferred embodiments, the 
formulations may be administered using a number of different routes including, but not limited to, the gastrointestinal 
tract the respiratory tract, iopical!y, intramuscularly, intraperitoneal^, nasally, vaginally, rectally, su rally, oraily or 

1 5 ocular. More generally, the stabilized dispersions of the present invention nay be used to deliver agents topically or 
by administration to a non-pulmonary body cavity. In preferred embodiments the body cavity is selected from the 
group consisting of the pemoneum, sinus cavity, rectum, urethra, gastrointestinal tract, nasal cavity, vagina, 
auditory meatus, oral cavity, buccal pouch and pleura. Among other intfica^ons, stabilized dispersions comprising the 
appropriate bioactive agent, ie.g. an antibiotic or an antiinflammatory), may be used to treat infections of the eye, 

20 sinusitis, infections of the * jtory tract and even infections or disorders of the gastrointestinal tract! .With respect 
to the latter, the dispersion:': of the presem invention may be used to selectively deliver pharmaceutical impounds to 
: ' the lining of the st omechfc; the treatment of H. pylori infections or other ulcer related disorders. . 

With regard to \hn perforated microstructure powders and sVdbilized dispersions disclcsei: herein those 
skaiedin the art will appruclate thst they may be advantageously supplied, to the physician or other health care 

25 professional, in a sterile, prepackaged or kit font). More particularly, the formulations may be supplied as 
stable powders or preformed dispersions ready for administration to the patient. Conversely, they may be 
provided as separate, reedy to mix components. When provided in a ready to use form, the powders or 
dispersions mBy be packaged in single use containers or reservoirs, as well ss in multi-use containers or 
reservoirs. In either care, the container or reservoir may be associated with the selected inhalation or 

30 administration dovicB cr»d used as described herein. When provided es individual components (e.g., as 
powdered microspheres- find us iiaat suspension medium) the stabilized preparations may than be formed at 
any time prior to usb by simply combining the contents of the containers as directed. Additionally, such kits 
may contain a number of ready to mix, or prepackaged dosing units so that the user can then administer them 
as needed. 
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Although preferred embodiments of the present invention comprise powders and stabilized dispersions for 
use in pharmaceutical eppficjtions, it will be appreciated that the perforated rnicrastructures and disclosed 
dispersions may be used for a number of nan pharmaceutical applications. That is; the present invention provides 
perforated microstructures which have a broad range of appGcations where a powder is suspended, and/ar 
5 aerosolized. In particular, t ha present invention is especially effective where an active or bioactivB ingredient 
must be dissolved, suspended or solubilized as fast as possibiB. By increasing the surface area of the porous 
micropartides or by incorporation with suitable excipients as described herein, will result in an improvement in 
dispersibility, and/or suspension stability. In this regard, rapid dispersjment applications include, but are not 
limited to: detergents, dishwasher detergents, food sweeteners, condiments, spices, mineral flotation 

10 . detergents, thickening agerfts, foliar fertilizers, phytohormones, insect pheromones, insect repellents, pet 
repellents, pesticides, fungicides, disinfectants, perfumes, deodorants, etc. 

Applications that raquire finely divided particles in a non aqueous suspension media [i.e.. solid , liquid 
or gaseousl are also contemplated as being within the scope of the present invention. As explained herein, 
the use of perforated microstructures to provide a "homodispersion" minimizes particle- particle interactions. 

1 5 As such, the perforated microspheres and stabilized suspensions of the present invention are particularly 
compatible with application that require: inorganic pigments, dyes, inks, paints, explosives, pyrotechnic, 
adsorbents, absorbents, catalyst, nucleating agents, polymers, resins, insulators, fillers, etc. The present 
invention offers benefits oyer prior art preparations for use in applications which require aerorciizntion or 
atomization. In such non ptarmar .nical uses the preparations can be in tha form of a liquid suspl. sion {such 
20 as with r propellent) or as : dry f.owder. Preferred embodiments comprising perforated micro . -.uctures as 
described herein include, h - are not limited lo, ink jet printing fnrrr.jlations, powder coating, spray paint, 
spray pesticides etc. 

The foregoing descrintion will be more fully understood with reference to the following Examples. Such 
Examples, are. however, ircrciy rtprcjemative of preferred methods of practicing the present inventors and should 
25 not ba read as limiting tha scope of tha invention. 



I 

Preparation of Hollow Poro us Particles of Gentamicin Sulfate by Sprav-Drvino . 

40 to 60ml of the .following solutions were prepared for spray drying: 

3 0 50% w/w hydrogenated phosphatidylcholine, E-100-3 
(Lipoid KG, ludwieshafen, Germany) 
50% w/w gentamicin sulfate (Amrasco, Solon, OHI 
Perfluorooctylbromide, Perfiubron JNMK, Japan) 
Oeionized water 



35 



Perforated microstructures comprising gentamicin sulfate were prepared by a spray drying 
technique using a B-191 Mini Spray-Drier (Buchi, Flawil, Switzerland) under the following conditions: 
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aspiraiion: 100%, iniet temperature: 85°C; outlet temperature: 61°C; feed pump: 10%; N, flow: 2,800 Uhr. 
Variations in powder porosity were examined as a function of the blowing agent concentration. 

Fluorccarbon-in-water emulsions of perfluorooctyt bromide containing a 1:1 w/w ratio of 
phosphatidylcholine (PCI, and gentamicin sulfate were prepared varying only the PFCIPC ratio. 1.3 grams of 
5 hydrogenated egg phosphatidylcholine was dispersed in 25 ml deionized water using an Ultra-Turrax mixer 
{model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-70°C). A rang3 from 0 to 40 grams of pedlubron was 
added drapwise during mixing (T - 60-70 °C)."After addition was complete, the fluorocarben-hvwater t^-Jsion was 
mixed for an additional paind of not less than 4 minutes. The resulting coarse emulsions were then homogenized 
under high pressure with en Avestin |0ttawa f Canada) homogenizer at 15,000 psi for 5 passes. Gerrtarjcin sulfate 
10 was dissolved in approximately 4 to 5 mL deionized water and subsequently mixed with the perflubron emulsion 
immediately prior to the spray dry process. The gentamicin powders were then obtained by spray drying using 
the conditions described above. A free flowing pafe yellow powder was obtained for all perflubron containing 
•formulations. The yield rar each of the various formulations ranged from 35% to 60%. • 

15 I! " 

Morp hology of Gentamicin Sulfate Spray-Dried Powders 
A strong dependence of tfiB powder morphology, degree of porosity, and production yield was observed as 
a function of the PFC/K ratio by scanning electron microscopy (SEMI. A series of six SEM micrographs 
illustrating these observations, labeled 1A1 to 1F1, are shown in the left hand column of Fig. 1. As seen in 

20 these micrographs, thv: porosity and surface roughness was^r.und to ba highly dependent on the 
concentration of the biding agent, where the surface roughness, number and size of the pares increased 
with increasing PFCIPC ratios. For example, the formulation devoid of periluorooctyi bromide produced 
microstructures that apjr nred to be highly agglomerated and readily adhered to the surface of the glass vial. 
Similarly, smooth, spherically shaped microperticles were obtained when relatively little (PFC/Pl ratio - 1.1 

25 or 2.21 blowing agent was used. As the PFCIPC ratio was increased the porosity and surface roughness 
increased dramatically . 

As shown in the right hand column of Fig. 1, tha hollow nature of the microstruc lures was also 
enhanced by the incorporation of additional blowing agent. More particularly, the series of six micrographs 
labeled 1A2 to 1F2 shww cross sections of fractured microstructures as revealed by transmit on electron 

30 microscopy ITEM). Each jf thesa images was produced using the same microstructure preparation as was used to 
produce the corresponding SEM micrograph in the left hand column. Both tha hollow nature and wall thickness of 
the resulting perforated microstructures appeared to be largely dependent on the concentration of the 
selected blowing agent. That is. the hollow nature of tha preparation appeared to increasB and the thickness 
of the particle waQs appeared tn decrease as the PFCIPC ratio increased. As may be seen in Figs, 1 A2 to 1 C2 

35 substantially solid structures were obtained from formulations containing little or no fluorccarhon blowing 
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agent. Conversely, the perforated microstructures produced using a relatively high PFC /PC ratio of 
approximately 45 (shown in fig. \ c 2 proved to be extremely hollow with a relatively thin wall ranging from 
about 43,5 to 261nm. Both types 01 panicles are compatible for use in the present invention. 

5 III 

. Preparation of Sorav Dried Gentamicin 

Sulfate Particles using Various Blowing Agents 

. 40 milliliters of the following solutions were prepared for spray drying: 

50% w/w Hydrogenated Pfro?rphawi$v5choline, E10Q-3 
1 0 (Lipoid KG. Ludwigshafen, Germany) 

50% w/w Gentamicin Suffice -{Amresco, Solon Ohio) 
Oeionized water. 

Blowing Agents: 

15 Perfluorodecalin, rOC (Air products. Allenton PA) 

Perfluorooctylbrcrnide, Perfluhron [Atcchem, Paris, France) 
Perfluorhexane) PFH (3M, St. Paul MNI 
1,1,2-trichlorotrifluoroethane. Freon 113 (Baxter, McGaw Park, IL) 

20 • Hollow porous microspheres with a model hydrophiiic drug, e.g.. gentamicin sulfate, wsre prepared 

by spray drying. The blowing agent in these formulations consisted of an emulsified fluorochemiitsl {FC) oil. 
Emulsions were prepared with the following FCs: PFH.Jtaon 1 13,. Perfluhron and FDC. . 1.3 grams of 
hydrogenated egg phosphatidylcholine was dispersed in 25 mL deioiiued water using a UltrVfurrax mixer 
{model T-251 at 8000 rpm for 2 te 5 miriutes IT - 60-70). 25 grams c* FC was added dropwise during mixing {T 

25 - 6Q-70°C). After .the an-.? don was complete, the FC-irv water emulsion was mixed for a total of not less than 4 
minutes. The resulting emissions were then further processed using an Avestin {Ottawa, Canada) hjyh pressure 
homogerezer at 15.000 psi fnd 5 passes, Gentamicin sulfate was dissolved in approximately 4 to 5 mL deionized 
water and subsequently miwri with the FC emulsion. The gentamicin powders were obtained by spray drying 
(Buchi, 191 Mini Spray Dryer). Each emulsion was fed at a rate of 2.5 mLfmin. The inist and outlet 

30 temperatures of the spray dryer were 85°C and 55°C respectively. The nebulization air and aspiration fiows 
were 2800 L/hr and 100% jespectively. 

A free flowing peie yellow dry powder was obtained for all formulations. The yield for the various 
formulations ranged from. 35 to 60%. The various gentamicin sulfate powders had a mean volume weighted 
particle diameters that rrnrpd ft cm 1.52 to 4.91 fjm. 



35 



IV 

Effect of Blowing Aoant on the Morphology of 
Gentamicin Sulfate Spray-Dried Powders 
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A strong dependence of the powder morphology, porosity, and production yield {amount of powder 
captured in the cydone) was observed as a function of the blowing agent boiling point In this respect the powders 
produced in Example III were observed using scanning electron microscopy. Spray drying a fluorochemical (FC) 
emulsion with a boiling point below the 55°C Dutlet temperature (e.g., perfiuorohexane (PFH] or Freon 1 13), 
yielded amorphously shaped (shriveled or deflated} powders that contained little or no pores. Whereas, 
emulsions formulated with higher boiling FCs (e.g., perfiubron, perfluorodecaiin, FDC) produced spherical 
porous particles. Powders produced with higher boiling blowing agents also had production yields 
approximately two times greater than powdBrs produced using relatively low boiling point blowing' agants. 
The selected blowing t^nts and their boiling points are shown in Table II directly below. 

Table II 



Btowinq Aqent 


(bp °C) 


Freon 1 13 

PFH 

FDC 
Perfiubron 


47.6 
56 
141, 
141* 



Example IV Migrates 'that the physical characteristics of the blowing agent {i.e.; hailing point! 
greatly influences the ability to provide perforated microparticles. A particular advantage of the -present 
invention is the ability t - alter the microstructure morphology and porosity by modifying the conditions and 
nature of the blowing i %..t. 

■ rw 
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- k Preparation of Sorav Pried Albuterol Sulfate 

Panicles usino Various Blowing Agents 

Approximately ?85 mi of the following solutions were prepared for spray drying: 

49% wivy Hyrif crjenated Phosphatidylcholine. £100-3 

(Lipoid KG. Ludwigshafen, Germany! 
50% wlw Albuterol Sulfate ' 

lAcr.urate Chemical, Westbury, NY) 
1% w/w Poloxiimer 188. NF grade (Mount Olive. NJ) 
Deionizedwain. . 

Blowing Agents: ' . 

Perfiuorodechfin. FDC (Air products. Allenton PA) 
Perfluorooctyitiromide; Perfiubron (Atochem, Paris! 
Perfluorobutyieibane F4H2.(F-Tech. Japan} 
Perfluorotribuv/lamine FTBA (3M, St. Paul, MN) 

Albuterol sulfate powder was prepared by spray-drying technique by using a B-191 Mini Spray-Drier 
(Buchi, Rawil, Switzerland! under the following conditions: 
Aspiration: 100% 
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inlet temperature: S5°C 
Outlet temperature: 61 °C 
Feed pump: 2.5 mUmin. 
N 2 flow: 47 L/mhi. 

.5 ' . ■ 

The feed solutian.was prepared by mixing solutions A and B prior to spray drying. 
Solution A: Twenty grams of water was used to dissolve 1.0 grams of Albuterol sulfate and 0.021 
grams of poloxamer 188. 

Solution B represented an emulsion of a fluorocarbon in water, stabilized by a phospholipid, which 
1 0 was prepared in the following way. Hydrogenated phosphatidylcholine (1.0 grams} was homogenized in 150 
grams of hot deionized wfctcr (T - 50 to 60°C) using an UUra-TurTax mixer (modal T-25) at 8000 rpm, fov 2 
to 5 minutes (T - 60-70°C). Twenty-five grams of Perflubron (Atochem, Paris, France) was added dropwise 
during mixing. After the adoption was complete, the Rubrochemical-in-water emuision was mixed for at least 4 
minutes. The resulting emulsion was then processed using an Avestin {Ottawa, Canada) high-pressure homngenizer 
15 at 18.000 psi and 5 passes. Solutions A and B were combined and fed into the spray dryer under the 
conditions described abeva. A free flowing, white powder was collected at the cyclone separator as is 
standard for this spray rirysr. Tha albuterol sulfate powders-had mean volume weighted par udh diameters 
ranging from 1.28 to 2.77 .urn, *s determined by an Aerosizer (Amherst Process Instruments, Amherst, MAI. 
. By SEM, the albuterol sulfate/phospholipid spray driad powders were spherical and highly porous. 
20 Example V furt\ • demonstrates the wide variety of blowir-r agents that may be useJ to provide 

perforated microparticje:., A particular advantage of the present invention is the ability to alter the 
microstructure morphoInU ar^ rorosity by manipulating the formulation and spray drying .jjtions. 
Furthermore, Example V demonstrates the particle diversity achieved by the present invention and the ability to 

effectively incorporate a wi*E variety of pharmaceutical agents therein. ... ~* .. ; 

25 ' ; • 

VI 

Preparation of Hollow Porous PVA Particles 

by Sprav Drying a Water-in-oil Emulsion 

100 ml of the following solutions were prepared for spray drying: - 

3 0 80% w/w Bis-(2-ciivyihexy1) Sulf osuccinic Sodium Salt, 

(Aeroscl OT, Kodak, Rochester, NY) 
20% w/w Polyvinyl Alcohol, average molecular weight -30,000-70,000 

• (Sigm3 Chemicals, St. Louis, MO) 
Carbon Tetrachlf?ide (Aldrich Chemicals, Milwaukee, Wl) 
35 Deionized water. 

Aerosol QT/poIyvinyl alcohol particlBs were prepared by spray-drying technique using a B-191 Mini 
Spray-Drier (Buchi, Flawil, Switzerland) under the following conditions: 
Aspiration: 85% 
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Inlet temperature: 60 °C 
Outlet temperature: 43°C 
Feed pump: 7.5 mUmin, 
N 3 flow: 36 l/min. 

5 

Solution A: Twenty grams of water was used to dissolve 500 milligrams of polyvinyl alcohol (PVAJ. 

Solution B represented an emulsion of carbon tetrachloride in water, stabilized by aerosol 07, which 
was prepared in the following way. Two grams of aerosol OT, was dispersed in BO grams of carbon 
tetrachloride iing a Ultra-Turrcx mixer (mode! T-25) at 8000 rpm for 2 to 5 minutes IT - 15"' »o 20°C); 
1 0 Twenty grams of 2.5% w/v PVA was added dropwise during mixing. After the addition was comply tfe water- 
ing emulsion was mixed:'<?r a total of not less than 4 minutes IT - 15° to 20° C). The resulting emulsion' was then 
processed using en Avestin (Ottawa. Canede) high-pressure homogenizer at 12,000 psi and 2 passes. The emulsion 
was then fed into the spray dryer under the conditions described above. A free flowing, white powder was 
collected at the cyclone -separator as is standard for (his spray dryer. The Aerosol OT/PVA powdn had a 
1 5 mean volume weighted particle rf'iBmeter of 5.28 ± 3.27 fjm as determined by an Aerosizer {Amherst Process 
Instruments, Amherst, 

Example VI further demonstrates tha variety of emulsion systems (here, reverse water-in-oiij, 
formulations and conditions that may be used to provide perforated wcr op articles. A particular advantage of 
the present invention is the ability to alter formulations and/or conditions lo produce compositions having a 
20 microstructure with selected porosity.. This principle is further illustrated in the following exampie. 

VII 

Preparation of Hollow Porous Polvcaprolactone 
Particles bv Spray Qrvino a Water-in-Oil Emulsion 
25 100 mis of the following solutions were prepared for sprey drying: 

B0% w/w Sorbitan Monostearate. Span 60 (Aldrich Chemicals, Milwaukee, Wl) 
20% w/w Polyceprolaclone, average molecular weight - 65,000 
. (Aldrich Chemicals, Milwaukee, WD 
3 0 Carbon Tetrachloride (Aldrich Chemicals, Milwaukee, WIJ 

Deionized water. 

Span 60/polycsprolactone particles were prepared by spray-drying technique by using a B- 191 Mir*: 

Spray-Drier (Buchi, Flaw;!. Switzerland! under the following conditions: 

35 Aspiration: 85Vi 

Inlet temperature: 50° C 
Outlet temperature: 38°C 

Feed pump: 7.5 mL/min. » 
N, flow: 36 Umin. 

40 
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A water-irvcarfctn tetrachloride emulsion was prepared in the following manner. T»vo grams of 
Span 60. was dispersed in 80 grams of carbon tetrachloride using an Ultra-Turrax mixer (model T-25) at 8000 
rpm for 2 to 5 minutes |T - 15 to 20°C). Twenty grams of deionized water was added dropwisa during 
mixing. After the addition wss complete, the water-in-oil emulsion was mixed for a total of not less then 4 minutes 
(T - 15 to 20°CJ. Tha resulting emulsion was then further processed using sn Avestin (Ottawa, Canada) high- 
pressure homogenizer at 12,000 psi and 2 passes. Five hundred milligrams of polycaprolactnns Was added 
directly to the emulsion and, mixed until thoroughly dissolved. The emulsion was then fed into the spray dryer 
under the conditions described above. A free flowing, white powder was collected at Yha cyclone separator 
as is standard for this dryer. The resulting Span 60/polycaprolactone powder had a mean volume weighted 
particle diameter of 3.15 ± 2.17 jjm. Again, the present Exampls demonstrates the versatility the instant 
invention with regard to ths feed stock used to provide the desired perforated microstructure. 



VIII 

Preparation of hollow porous powder by spray drying a oas in-WBter emulsion 
The following solutions ware prepared with water for injection: 
Solution 1: 



3.9% w/v nvHES hydroxyethylstarch (Ajinomoto, Tokyo, Japan) 

20 3.25% w/v Sodium chloride (Mallinckrodt. St. Louis, MO) 

2.83% w/v Sodii.'::: phosphate, dibasic (Mallinckrodt, St. Louis, MO) 

0.42% w/v Sodiu, phosphate, monobasic (Mallinckrodt, St. Louis, MO) 



Solution 2: 



25 



0.45% w/v ' Poloas.;ier 1 08 (BASF, Mount Olive, NJ) ; " 
1.35% w/v Hydrogenated egg phosphatidylcholine, EPC-3 
(Lipoid KG, Lurivvigshafan, Germany) 

Tha ingredients of solution 1 were dissolved in warm water using a stir plate. The surfactants in solution 2 
30 were dispersed in water uing 2 high shear mixer. The solutions were combined following emtdsification and 
saturated with nitrogen prlcr to spray drying. 

The resulting dry, free flowing, hollow spherical product had a mean particle diameter of 2.6 ± 1.5 
/ym. The particles were iphericai and porous as determined by SEM. 
35 This exBmple illustrates the point that a wide of blowing agents (here nitrogen) may be used to 

provide microstructures. exhibiting the dBsired morphology. Indeed, one of the primary advantages of the 
present invention is t nubility to alter formation conditions so az to preserve biological activity; (i.e. with 
proteins), or to produce microstructures having selected porosity. 

40 IX 

Su spension Stability of Gentamicin Sulfate Spray-Dried Powders 
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The suspension stability was defined as, the resistance ci powders to cream in a nonaqueous 

medium using a dynamic photosedimentation method. Each sample was suspended in Perflubron at a' 

concentration of 0.8 mglml.' The creaming rates were measured using e Horibs CAPA-7Q0 

photosedimentation pariide size analyzer (Irvine, CA) under the following conditions: 

D !max): 3.00 zvm 

■ 0(min.l: 0.30 //m 

DIDiv): 0.1 0//m 

Rotor Speed; . 3000 rpm 

X: 10 mm 



The suspended particles were subjected to a centrifuge! for:;.? and the absorbance of tha suspension 
was measured as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
stability. Absorbance data was plotted versus time and the area under the curve was integrated between 0.1 
and 1 min., which was taken as a relative measurement of stability, figure 2 graphically dBpicts suspension 

1 5 stability as a function of PFC/PC ratio or porosity. In this case, the powder porosity was found to increase 
with increasing PFCjPC. Maximum suspension stability was observed with formulations having PFCJPC ratios 
between 3 to 15. For ths most part, these formulations appeared stable for periods greater than 30 minutes 
using visual inspection techniques. At points beyond this ratio, the suspensions flocculated rapidly indicating 
decreased stability. Similar results were observed using the cream layer ratio method, where it was observed 

20 that suspensions with PFC/PC ratios between 3 to 15 had a reduced cream layer thicknesr. ideating 
favorable suspension s'^hiiity: 

X 

• -Preperction ir; Hollow Porous Particles of Albuterol Sulfate by Sprav-OrvinQ -.' ■•- • - 

25 Hollow porous 'albuterol sulfate particles were prepared by b spray-drying technique with a B-191 

Mini Spray-Drier (Buck, Flawfl, Switzerland) under the following spray conditions: aspiration: 100%, inlet 
temperature: 85°C; outlet temperature: 61°C; feed pump: 10%; W 3 How: 2,80D Uhr. The feed solution was 
prepared by mixing two solutions A and B immediately prior to spray drying. 

Solution A: 2Qg of water was used to dissolve 1g of albuterol sulfate {Accurate Chemical, 
30 Westbury, NY) and 0.02 "i g of poloxamer 188 NF grade (BASF, Mount Olive, NJ|. 

• Solution B: A. fluorecarbon-in-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC-10Q.3 (Lipoid KG, Ludwigsbafen. Germany), was homogenized in 
150g of hot deionized v^-er (T 50 io 60°CI using an Uifra-Turrax mixer (model T25) at BOM rpm for 2 to 
5 minutes IT - 8Q-70°Ch 25g of perfluoronctyi bromide (Atochem, Paris, France) was added dropwise during 
35 mixing. After the fluorocarbon was edded, the emulsion was mixed for a period of not less than 4 minutes. The 
resulting coarse emulsion was then passed through a high pressure homogenizer (Avestin, Ottawa Canada! at 
18,000 pa for 5 passes. 
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Solutions A and B were combined and fed into the spray dryer under the conditions described above. 
A free flowing, white powder was collected at the cyclone separator. The hollow porous albuterol sulfate 
particles had a volume-weighted mean aerodynamic diameter of 1.18 ± 1.42 pm as determined by a time-of- 
flight analytical method (Aerosizer. Amherst Process Instruments, Amherst, MAI. Scanning electron microscopy • 
5 {SEMI analysis showed the powders to be spherical and highly porous. The tap density of the powder was 
determined to be Ibss than 0.1 g[cm J . 

This foregoing example serves to illustrate the inherent diversity of the present invention as a drug delivery 
platform capable of effectively incorporating any one of a number of pharmaceutical agents. The principle is further / « 
illustrated in the next example. 

10 

... XI 

Prep aration of Hollow Porous Particles of BOP by Spray-Prying 
Perforated microfractures comprising bedomethasone dipropionate (BOP) particles Were prepared 
by a spray-drying technique with s-B-191 Mini- Spray-Oner (Buchi, Rawil, Switzerland) under Jbe following 
1 5 spray conditions: aspiration; 100%, inlet temperature: 85°C; outlet temperature: 61 °C; feed pwip: iO%; N 2 
flow: 2,800 Uhr. The feidU stock was prepared by mixing 0.1 ig of lactose with a fluorocarhon-in water 
emulsion immediately prior to spray drying. The emission was prepared by the technique described below. 

' 74 mg of BDP (Sigma, Chemical Co., St. Louis, MO], O.Sg of EPC-10D-3 {Lipoid KS, Ludwigshafen, 
Germany}, 15mg sodium Lviate (Sigma), and 7mg of poloxamer 188 *6ASF, Mount Olive, NJ) wera dissolved 
20 in 2 ml of hot methanol. The methanol was then evaporated to obtain a thin film of the phosphaiipid/steroid. 
mixture. The phospholipid/ceroid mixture was then dispersed in 64g of hot deionized water IT - 50 to 60°CI 
• using an Ultra-Turrax mixc; (model T-25) at 8000 rpm for 2 to 5 minutes IT - 60-70°C). 8 g of perfiubron 
(Atochem, Paris, FrancB) was added dropwiss during mixing. After the addition was complete, the emulsion was 
mixed for an adtfitjonai perirJ if not less than 4 minutes. The resulting coarse emulsion was then pe^id through a 
25 high pressure homogertizer (Avestin, Ottawa. Canada) at 18,000 psi for 5 passes. This emulsion was then used to 
form the feed stock which was spray dried as described 8bove. A free flowing, white powder was collected at 
the cyclone separator. The hollow porous BDP particles had a tap density of less than 0. 1 g/cm 3 . 

XII 

30 . Preparation of Hollow Porous Particles of Cromolyn Sodium by Spray-Drying i 

Perforated micrcstructures comprising cromolyn sodium were prepared by a spray-drying technique 
with a 8-191 Mini Spr ay- drier IBuchi, Fl8wil, Switzerland) under the following spray conditions: aspiration: 
100%, inlet temperature: 85°C; outlet temperature: 61°C; feed pump: 10%; N 2 flow: 2,800 l/hr. The feed 
solution was prepared by mixing two solutions A and B immediately prior to spray drying. 
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Solution A: 2uy of water was used to dissolve 1g of cromolyn sodium ISigma Chemical. Co, St. Louis, 
MO} and G.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ|. 

Solution B: A. fiuorocarhon-in-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC-1 00-3 (Lipoid KG. Ludwigshafea Germany), was homogenized in 
5 150g of hot deionized water IT - 50 to 60° 0 using an Ultra-Turrax mixer (model T-25) at 8000 rnrn for 2 to 
5 minutes (T - 6G-70 P C). 27q of perfluorodecalin (Air Products, AUentown, PA) was added dropwise during 
mixing. After the fluorocarbon was added, the emulsion was mixed for at least 4 minutes. The resulting coarse 
emulsion was then passed through a high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 
passes. 

1 0 Solutions A anri B wan? combined and fed into the spray dryer under the conditions described above. 

A free flowing, pale yellow powder was collected at the cyclone saparator. The hollow porous cromolyn 
socfium particles had a volume-weighted mean aerodynamic diameter of 1.23 ± 1.31 z/m as determined by a 
tima-of-flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MAI. As shewn In Fig. 3, 
scanning electron micros*.:: ay (SEM) analysis showed tha powders to ba hoth hollow and porous. The tap density of 

1 5 the powder was determine to be less than 0. 1 g/cm 3 . 

XIII 

P^-para.j jn of Hollow Porous Particles of tWaa I by 5orav-Drvino 
Hollow porous ONase I particles were prepared by a spray drying technique with s cM91 Mini 
20 Sp;ay-Drier (BQchi, Ravi, Switzeriand) under the following conditions: aspiration: 100%, inH temperature: 
80*0; outlet temperature: 6TC; feed pump: 10%; N 2 flow: 2,800 l/hr. The feed was prepared by mixing two 
solutions A and B immediately prior to spray drying. ■ • ,..„... 

Solution A: ZO3 of water was used to dissolve O.Bgr of human pancreas ONase l.fCa&nchem. San 
Diego CA) and 0.01 2g c : poloxemer 188 NF grada (BASF, Mount Olive. NJ|: 
25 Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepared in the 

following way. Tha phospholipid. 0.52g EPC- 100-3 (Lipoid KG, Ludwigshafen, Germany), was homogenized in 
87g of hot deionized water (T - 50 to 60°CI using an UltrB-Turrax mixer (model T-25) at 8000 rpm for 2 to 5 
minutes (T - 6070°C). 13g of perflubron (Atochem, Paris, France) was added dropwise during mixing. After 
the fluorocarbon was wired, the emulsion was mixed for at least 4 mirrmss. The resulting coarse enuf a'on was then 
3 0 passed through a high pressure homogenizer (Avestin. Ottawa, Canada! at 1 8.000 psi for 5 passes. 

Solutions A*~d B were combined and fed into the spray dryer under the conditions described above. 
A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous ONase I 
particles had a volume-weighted mean aerodynamic diameter of 1.29 ± 1.40/ym as determiner] by a time-ol- 
fligh: analytical method (Aerosizer, Amherst- Process Instruments, Amherst, MA). Scanning electron 
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microscopy (SEM) analysis showed the powders to ba both hollow and pore us. The tap density of the powder was 
determined to be less than 0.1 g/cm 3 . 

The foregoing example further illustrates the extraordinary compatibility of the present invention with a 
variety of bioactive agents. That is, in addition to relatively small, hardy compounds such as steroids, the 
5 preparations of the present invention may be formulated to effectively incorporate larger, fragile molecules such as 
proteins and genetic materiel. 

XIV 

Preparation of Perforated Ink' Polymeric Particles by Spray Drying. 
1 0 In the following hypothetical example, finely-divided porous spherical resin particles which may 

contain coloring material such as a pigment, a dye, etc. are formed using the following formulation in 
accordance with the teachings herein: 

Formulation: 

15 ButBdiene 7.5 g co-monomer 

Styrene 2.5 g. co-monomer 

Water ' ■. 18.0 g carrier 

Fatty Acid Soap . 0.5 g emulsifier 

n-Oodecyl Mercapten 0.050 g modifier 

20 potassium persul fate 0.030 g initiator 

carbon Black 0.50 g piqment 

The reaction is flowed -to proceed at 50 C C for 8 hours. The reaction is then terminal by spray 

25 drying the emulsion usinn.a high pressure liquid chromatography {HPLC1 pump. The emulsion is pumped 

-through- a- 200 x-0;Q3Q inch i.d. stainless steel tubing into a Niro atomizer portable spray dryer (Wire Atomize,- . . 

Copenhagen, Denmark} eq--vped with a two fluid nozzle 10.01 " i.d.) employing the following setting: 

Hot air flow rat »■ ■ 39.5 CFM 

Inlat air tamp.; 180°C 
30 Outlet air temperature: 80°C 

Atomizar nitrogan flow: : 45 L/min, 1,800 psi 
Liquid feed rate: . 33 mL/min 

It will be appreciated that unreacted monomers serve as blowing agents, creating the perforated i 
35 microstructure. The described formulation and conditions .yield free flowing porous polymeric particles 
ranging from O.MOOjt/m.that mr»y be used in ink formulations. In accordance with the teachings terein the 
inicroparticles have the advantage of incorporating tha pigment directly into the polymeric matrix. The 
process allows for the p-toduction of different particle sizes by modifying the components and the spray 
drying conditions with thr. pigmant particle diameter largely dictated by the diameter of the copolymer resin 
40 particles. 
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XV 

A ndersen Impactor Test for Assessing MQI and DPI Performance 
The MDIs and DPIs were tested using commonly accepted pharmaceutical procedures. The method 
utilized was compliant with the United Stale Pharmacopeia (USP) procedure (Pharmacopeia! Previews {1996) 
5 22:3065-30981 incorporated herein by reference. After 5 shots to waste. 20 shots from the u?st MOI were 
made into an Andersen r mpactor. The number of shots employed lor assessing the DPI fonmuiations was 
dictated by the drug concentration and ranged from 10 to 20 actuations. 

Extraction procedure. The extraction from all the plates, induction port, and actuator were 
performed inclosed vials with 10 mL of a suitable solvent. The fOtet was installed but not assayed, because 

10 . the polyacryiic binder interfered with the analysis. The mass balance and particle sue distribution trends 
indicated that the deposition on the filter was negligibly small. Methanol was used for extraction of 
beclomethasone dipropionate. Oeionized water was used for albuterol sulfate, and cromolyn, sodium. For 
albuterol MDIs, 0.5 ml of \ N sodium hydroxide was added to the plate extract, which was used to convert 
the albuterol into the p?iR :ol ate form. 

15 Quantitation ^;/gdure. All drugs were quamitated by absorption spectroscopy {Beckr.uj; DU640 

spectrophotometer! rei^ive m an external standard curve with the extraction solvent as the blank. 
Beclomethasone dipropitniate was quanritared by measuring the absorption of the plate ext-acu* ai 238 nm 
Albuterol MDIs were q'.antifcV by measuring the absorption o* tta? extracts at 243 nm, w: ' 1 : cromolyn 
sodium was quantitated using • ;e absorption peak at 326 nm. 

20 " Calculation m*:edure. For each MOI, the mass of the .Irun in the stem /component 2). actuator 

21, induction port Ml •:. d plates 10-7) were quantified as described above. Stages -3 and -2 were not 
quantified 'for ' the DP. since thli" 'device was' only a prototype. - The main interest 'was !o"assess the - 
aerodynamic properties of the powder which leaves this device. The Fine Panicle Dose and rina Particle 
Fraction was calculated according to the USP method referenced above. Throat deposition was defined as 

25 the mass of drug founo in the induction port and on plates 0 and 1. The mean mass aerodynamic diameters 
(MMAD) and geometric standard diameters (ESDI were evaluated by fitting the experimental cumulative 
function with log-normal'distribution by using two-parameter fitting routine. The results of these experiments " 
are presented in subsequent examples. 
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XVI 

Preparation of Metered Dos e Inhalers Containing Hollow Porous Particles 
A pre-wetghed amount of the hollow porous particles prepared in Examples I, X, XI. and. XII were 
placed into 10 ml aluminum cons, and dried in a vacuum oven under the flow of nitrogen ior 'J • 4 hours at 
40 C. The amount- of.' powder filled into the can was determined by the amount of drug required for 
therapeutic effect. After this, the can was crimp sealed using a OF31/50act 50 I valve IValois ol. America. 
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Greenwich, CT1 and filled with HFA-134a IDuPonl, Wilmington, OE) propelJant by overpressure through the 
stem. The amount of the propellent in the can was determined by weighing the can before and after the fill. 

XVII 

5 . Effect of Powder Porosity on MDI Performance 

In order to examine the effect powder porosity has upon ths suspension stability and aerodynamic 
diameter, MDIs were prepared as in Example XVI with various preparations of perforated mir.rastructures 
comprising gentamicin formulations as described in Example I. MDIs containing 0.48 wt % spray dried 
powders in HFA 134a were studied. As set forth in Example I, the spray dried powders exhibit varying 
1 0 porosity. The forrmdatia^r ivere filled in clear glass vials to allow for visual examination. 

A strong dependence of the suspension stability and mean volume weighted aerodynamic Diameter was 
observed as a function of PFC/PC ratio and/or porosity. The volume weighted mean aerodynamic diameter 
{VMAD) decreased and suspension stability increased with increasing porosity. The powders that appeared 
solid and smooth by SEM and TEM techniques had the worst suspension stability and largest mean 
1 5 aerodynamic diameter. MDIs which were formulated with highly porous and hollow perforated 
microstructures had the greater; resistance to creaming and the smallest aerodynamic diameters. The 
measured VMAD values for the dry powders produced in Example t are shown in Table Hi immediately below. 

Table III 

20 



PFCfPC 


Powder VMAD,//m 


0 


6.1 


1.1 


5.9 


- • ... - .2.2, . - 


. 6.4 ..... 


4.8 


3.9 


18.8 


2.6 


44.7 


1.8 ' 



XVIII 

Comparison of Creaming Rates in Cromolyn Sodium Formulations 
25 A comparison of the creeming rates of the commercial Intal formulation (RhonePoulenc Rorerl and 

spray-dried hollow porous particles formulated in HFA- 134a according to Example XII |i.e. see fig. 31 is shown 
in Figures. 4A to 4D. In each of the pictures, taken at 0 seconds. 30 seconds, 60 seconds and two hours 
'after shaking; the commercial formulation is on the left and the perforated micrc'structure dispursicn formed 
accordance with the present invention is on the right. Whereas the commercial Intal formuietlnn shows 
30 creaming within 30 seconds of mixing, almost no creaming is noted in the spray-dried particles efter 2 hours. 

Moreover, there was littis creaming .in perforated microstructure formulation after 4 hours (not shown).- This 
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example cleariy illustrates the balance in density which can be achieved when the hollow porous partides are 
filled with the suspension medium (i.e. in the formation of a homodispersionl. 

XIX 

Andersen Cascade Impactor Results for Cromolyn Sodium MQI Formulations 
The results of cascade impactor tests for a commercially available product ftntaJ^ Rhone-Poulenc 
Rorer) and an analogous spray-dried hollow porous powder in HFA034a prepared according to Examples XII ' 
and XVI are shown below in Table IV. The tests were performed using the protocol set forth in Example XV. 



10 Table IV 



Cromolyn Sodium MOIs 1 




MMAO 
IGSD) 


Throat 
Deposition, 


Fine panicle fraction 
% 


Fine Particle Dose, 
9 


Inter ,CFC in - 41 
{Rhone Poulenc) 
800 un dose 


4.7.t 0.5 
• {1.9 ± 0.061 


629 


24.3 ±2.1 


202 ±27 


Spray dried hollow porous L 3 A ± 0.2 
powder, HFA J (2.0 ± 0.3) 
(AllienceHn-31 !" 
300 jjq di.se | 


97 


67.3 ± 5.5 


200 ± 11 



The MDI formulated with perforated micros true tures v;as found to have superior aerosol 
performance compared vvlh Intai*. At a comparand fine particle dose, the spray dried cromolyn !o mulatians 
possessed a substantia^ higher fine particle fraction |" 67%), and significantly decreased thrn-,1 deposition 
1 5 (B-foidL along with a smaller MM AO' value. It is important to note that the effective delivery provided for by 
the present invention allowed for a fine particle dose that was approximately the same as the prior art 
. commercial formulation r.-en though the amount of perforated microstructures administered I3DD pq) was 
roughly a third of the Intaf dose administered (800 pq). 

20 XX 

Comparison of Andersen Cascade Impactor Results for 
Albuterol Sulfate Microspheres Delivered From DPls and MOIs 

The in vitro adynamic properties of hollow porous albuterol sulfate microspheres as prepared in 
Example X was characterized using an Andersen Mark II Cascade Impactor (Andersen Sampler, Atianta, GA) 
25 end en Amherst Aerosizer (Amharst Instruments, Amherst MAI. 

DPi testin ^ Approximately, 300mcg of spray-dried microspheres was loaded into a proprietary 
inhalation device. Activation «nd subsequent plume generation of the dry powder was achieved by the 
actuation of 50 fj\ of pressurized HFA 134a through a long induction tube. The pressurized H FA 134a forced 
air through the induction tuba toward tha sample chamber/ and subsequently aerosolized a plume of dry 
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powdar into the air. The drv powder plume was then taken in the cascade impacior by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
chamber for particle size analysis, Ten actuations were discharged from the device into the impactor. A 30' 
second interval was used between each actuation. The results were quantitated as described in Example XV. 



10 



15 



MDI testing. A MDI preparation of albuterol sulfate microspheres was prepared as in Example XVI. 
A single actuation was discharged into the aerosizer sample chamber for particle size analysis. Twenty 
actuations were discharged' from the device into the impacior. A 30 second interval was used between each 
actuation. Again, the results were quantitated as described in Example XV. , 

The results comparing the particle size analysis of the neat albuterol sulfate powder and the 
albuteroi sulfate powder discharged from either a DPI or MDI are shown in Table V below. . The albuterol 
sulfate powder delivered from the DPI was indistinguishable from the neat powder which indicates that little 
or no aggregation had occurred during actuation. On the other hand, some aggregation was observed using 
an MDI as evidenced by the larger aerodynamic diameter of particles delivered from the device. 



Tebla V 



Sample 


Mean Size (z/m) 


% under 5.4 /ym 


95% under Ipm) 


Neat powder 


1.2 • 


100 


2.0 


MDI 


; 2.4 


9G.0 


5.1 


DPI 


1.1 


100 


1.8 



20 



25 



30 



Similar results were obsBrvad whan comparing, the two dosage forms using an Andersr.i Cascade 
Impactor (Figure 51. The .s^y-dried albuterol sulfate powder delivered from the DPI had enhanced drcp lung 
deposition and minimizBd throat deposition when compared with the MDI. The MDI formulation hud a fine 
particle fraction IFPF) of 73% ant' a fine particle dose IFPD1 of 77 /ygfactuation, while the DPI toa a FPF of 
87% and a FPD of 100/vgf actuation. 

Figure 5 and the Hxampla above exemplifies the excellent flow and aerodynamic properties of the 
herein described spray-dried powders delivered from a DPI. Indeed, one of the primary advantages of the 
present invention is the ability to produce small aerodynamicaily light particles which aerosolize with aase and 
which have excellent inhalation properties. These powders have the unique properties which enable them to 
be effectively and efficiently delivered from either a MDI or DPI. This principle is further illustrated in the next 
Example. 



XXI 

. Comparison of Andersen Cascade Imnantor Results for 
Beclomeihasone Diprooionate Microspheres Delivered From DPis and MDIs 
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The in vitro aerodynamic properties of hollow porous beclomethasone dipropionate IBDP) 
microspheres as prepared in Example XI was characterized using an Andersen Mark il Cascade Impactor 
(Andersen Sampler, Atlanta. GAI and an Amherst Aerosi2er (Amherst Instruments. Amherst. MA). 

DPI testing. Approximately. 300zzg of spray-dried microspheres was loaded imo a proprietary 
5 inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 
actuation of 50 ^ of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 
air through the induction tube toward tha sample chamber, and subsequently aerosolized a plume of dry 
powder into the air. The dry powder plume was then taken in the cascade impactor by means of the' eir flow 
through drawn through ihe testing device. A single actuation was discharged into the aerosizer sample 
1 0 chamber for particle size analysis. Twenty actuations were discharged from the device into the impa>tor. A 
30 second interval was Used between each actuation. 

MS! tasting. A MO I p;eparation of beclomethasone dipropionate (BOP) microspheres was prepared 
as in Example XVI. A single actuation was discharged into the aerosizer sample chamber for particle size 
analysis. Twenty actuals vv«re discharged from the device into the impactor. A 30 second interval was 
1 5 used between each act i» i inn. 

The results wearing the particle size analysis of the neat BOP powder and the BOP powder 
discharged from.either a DPI cr MDl are shown in Table VI immediately below. 

Table VI 



Sample 


Mean Size (z/m) 


% under 5.4 zym 


95% under \pm) ' 


Meat powder 


1.3 


100 


2.1 


NIDI 


2.2 


98.1 


4.6 


DPI 


1.2 


35,3 


2.2 



As with Example XX, 'he BOP powder delivered from the DPI was indistinguishable from the neat 
powderwhich indicates that little or no aggregation had occurred during actuation. On the other hand, some 
aggregation wbs observed using en MDl as evidenced by the larger aerodynamic diameter of panicles 
25 delivered from tha device, 

The spray-dri?d BOP powder delivered from the DPI had enhanced deep lung deposition and 
minimized throat deposition whan compared with the MDl. The MDl formulation had a fine particle fraction 
1FPFI of 79% and a fine particle dose (FPD) of 77 //g/actuation, while the DPI had a FPF of 87% and a FPD of 
100/ygi actuation. 

30 Tn 's foregoing example serves to illustrate the inherent- diversity of the present invention as a drug 

delivery platform capable of effectively incorporating any one of a number of pharmaceutical agents and 
effectively delivered from various types of defivery devices (here MD) and DPI) currently used in the 
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pharmaceutical arena. Th& excellent flow and aerodynamic prepares of the dry powders shown in the 
proceeding examples is fuither exemplified in the next example. 

5 XXII - 

Comparison of Andersen Cascade Imoactor Results for 
Albuterol Sulfate Microspheres and Ventoiin Rotacaas" from a Rotahaler " Device 

The following procedure was followed to compare the inhalation properties of Ventolin Rotocaps" (a 

commercially available formulation) vs.. ; ajbutaroi sulfate hollow porous microspheres formed in accordance 

10 with the prasent invention. Both preparticns were discharged from a Rotohaler" device into an* 8 stage 
Andersen Mark II cascade impactor operated at a. flow of 6DL/min,, Preparation of the albuterol sulfate 
microspheres is described in Example X with albuterol sulfate deposition in the cascade impactor analyzed as 
described in Example XV. Approximately 300 /yg of albuterol sulfate microspheres were manually loaded into 
empty Ventolin Rotocap' gelatin capsules. The procedure described in the package insert for loading and 

15 actuating drug capsules with a Rotohaier' device was followed. Ten actuations were discharged from the 
device into the impactor. "i '50 second interval W8S used between eacV actuation. 

The results cornering the cascade impactor analysis of Ventolin Rotocaps' and hollow porous 
albuterol sulfate microsphere discharged from a Rotohaler device are shown in Table VI immediately helow. 

20 TafaiaVII 



Sample 


MMAD 


Fine Particle Paction 


Fine Particle Dose 




(GSO) 


% ■ 


(mcgj'doj3l 


Ventolin flotacaps~'(n-2i t 


7.889 


20 


15 




(1.6084) 






Albuterol Sulfate 


4.822 


53 




Microspheres (n - 3) 


(1.9082) 







The hollow porous albuterol sulfate powder delivered from the Rotohaler* device had a significantly 
higher fine particle fraction (3-fold) and a smaller MMAD value as compared with Ventoiin Rotocaps*. In this 
25 regard, the commercially available Ventolin Rotocap" formulation had ?, line particle fraction (FPF) of 20% and 
a fine particle dose(FPD) of 15//p/actuation, whereas the hollow porous albuterol sulfate microspheres had a 
FPF of 63% and a FPD of 60/yg/ actuation. 

The example abuve exemplifies the excellent flow and aerodynamic properties of the spray-driad 
powders delivered from a Kotahater" device. Moreover, this example remonstrates that fins powders can be 
30 effectively delivered without. carrier particles. 

XXIII 

Mebuli7ation of Porous Particulate Structures Comprising 
Phospholipids and Cromolyn sodium in PBitluorooctvlethane 
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.10 



using a Micro Mist Nehtifi/er 
Forty migrams of the Cpid based microspheres containing 50% cromolyn sodium by weight (as from 
Example XII) were tfisperseri in 10 mi perfiuorooctyiathane (PF0E1 by shaking, forming a suspension, the suspension 
was nebufized until the fiue;ocarbnn Squid was delivered or had evaporated using a MicroMist (DeVilbissI Disposable 
nebulizer using a PufmoAide* air compressor (Devllbiss). As described above in Example XV, an Andersen Cascade 
Impactor was used to measure the resulting particle size tfstribution. More specifically, cromolyn senium content 
wasmsasured by UV adsorption at 326nm. Tha fine particle fraction is the ratio of particles deposited in stages 2 
through 7 to those deposited in all stages of the impactor. TTie fine particle mass is the weight of material deposited 
in stages 2 through 7. Tha deep lung fraction is the ratio of particles deposited in stages 5 through 7 of tto impactor , 
(which correlate to the alveoli) to those deposited in all stages. The deep lung mass is the weight of material 
deposited in stages 5 through 7. Table VIII jmrnecjateiy below provides a summary of the results. 



Table Vltl 



15 



20 



25 



Fine particle ferion 


fine particle mass 


deep lung fraction 


deep lung 


9D% • 


6 mo. 


7B% 


5mg 



XXIV 

Neb mization of Porous Particulate Structures Comprising 
>hosp);jlipi ds and Cromolyn Sodium in Perfiuorooctylathane 
usino a Raindrop" tyehulizer . 
• A quantity of f$c basso microspheres containing 50% cromolyn sodium, as from Example XII, weighing 40 
mg was Dispersed in 10 i.i perfluarooctviethane (PFOE) by shaking, thereby forming a suspension. ft* suspension 
was nebulized until tha fluorocerwn liquid was delivered or had evaporated' using a Raindrop* dispose nebulizer 
{Wellcor Puritan Bennat) ccnnecfsd to a PulmoAide* air compressor (OeVilhiss]. An Andersen Cascade Impactor was 
used to measure the resulting particle size Distribution in the m B nner described in Examples XV and XXilL Table IX 
immediately below provides a summary of the results. 



Table IX 



Fine partids fraction 


fine partde mass 


Deep lung fraction 


deep lung mass 


90% 


4mq 


80% 


3mg 



30 



XXV 

Nebulizatio n of Aqueous Cromolyn Sodium Solution 
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The contents of plastic vial containing 8 unit dosa inhalation solution of 20 mg of cromolyn sod«jm in 2 m! 
purified water (Day Laboratories! was nebulized using a MicroMist disposable nebulizer (DeVITbUs) using o Pu l moAide* 
air compressor (DeVilbissl The cromolyn sodium solution was nebulized for 30 minutes. An Ande'sen Cascade 
Impactor was used to msesure the resulting size distribution of the nebuSzed particles, by the method described 
5 above in Example XV. Tablu X tmmert'ately below provides a summary of the results. 



Table X 



fine partide fraction 


fins partide mass 


Deep iunq fraction 


Deep luna mass ] 


90% 


7mg 


60% 


Smg 1 



With regard to the instant results, it will be appredated that the formulations nebufized from fiuorocarbon 
suspension mediums in Examples XXIII and XXIV provided e greater percentage of deep lung deposition than the . 
] 0 aqueous solution. Such high deposition rates deep in the lung is particularly desirable when delivering agents to the 
systemic drciiation of a patient. 

Those skilled in tha art will further appredate that the present invention may be embodied in uthei specific 
forms without departing from the spirit or centra! attributes thereof. In that the foregoing description of the present 
invention disdoses only exemplary embodiments thereof, it is to be understood that, other variations are 
. 1 5 contemplated as being within the scope of the present invention. Accordingly, the present invention is not limited to 
tha particular embodiments which have been described in detail herein. Hather, reference should be made to the 
appended daims as indicative of the scope and content of the invention. 
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WHAT IS CLAIMED: 

1. Use of a bioactiva agent in the manufacture of a medicament for puimonarY deHvery whereby 
the medicament comprises a plurality of perforated microstructures which are aerosolized using an inhafatinn device 

5 to provide aerosolized medicament comprising said bioacove agent wherein said aerosolized meticament is in a form 
for administration to at lea^i a portion of the nasal or pulmonary air passages of a patient in need thereof. 

2. The use of deim-l wherein said inhalation device comprises a metered dose inhaler, a dry 
powder inhaler or a nebulizer. 

3. The us« of claim 1 wherein said perforated microstructures are in the form of a dry powder. 

10 4. Tha ure of claim 1 wherein said perforated microstructures are dispersed in a nonaqueous 



5. The tm of any of claims 1 to 4 wherein said perforated microstructures comprise a surfactant. 

6. The y.se of claim 5 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic Detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinBted. 

1 5 surfactants and combinations thereof. 

7. The ui'j of claims 5 or 6 wherein said surfactant is a phospholipid. 

8. The use of claim 7 wherein said phospholipid is selected from the group consisting of 
dilauroylphosphatidylcholine, dioleylphosphatidylcholine, dipaJmitoylphosphaMylcholine, 
disieroylphospbatidylchi^e, dibehenoylphosphatidyf-cholinB, diarachidoylphosphatidylcholme and 

20 combinations thereof. 

9. Tha '<::e of any of claims 1 to 8 wherein the mean aerodynamic diameter of tru« perforated 
■ -•-•*■- • microstructures is betWEsn 0.5 and 5 /jm. • - - - ... 

10. The use of nny of claims 1 to 9 wherein suirf perforated rnicrostructure:. Ivjvb a bulk 
density of less than about 0.5 g/cm 3 . 

25 n - TnB usa of any of claims 1 to 10 wherein said perforated microstructures have a mean 

geometric diameter of lass than about 5 z/rn. 

12. The use of any of claims 1 to H wherein said bioactive agent is selected from the group 
consisting of antiallergic* bronchodilators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors 
or antagonists, antito'starnines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, ami-tuberculars, 

3 0 • imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, amisense agents, proteins, 
peptides and ccmbinetia'Js .thereof . 

1 3. A method for forming a perforated rnicrostructure comprising the steps of. 
provicsng a liquid feed stock comprising an active egem; 

atomizing seiri liquid feed stock to produce oispersed liquid droplets; 
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drying said liquid droplets under predetermined conditions to form perforated microstructures comprising 
said active agent; end 

coilBcting said perforated microstructures. 

■14. The method of d aim 13 wherein said feed stock comprises a blowing ag ant. 
5 1 5. The method of claim 14 wherein said blowing agent comprises a nonfiuorinated oil. 

16. Tha method of claim 14 wherein said blowing agent comprises a fluorinated compound. 

17. Tha method of cieim 16 wherein said fluorinated blowing agent has a boiling point greater than 
about 60°C. ;<1 

18. The method of any of claims 13 to 1 7 wherein said feed stock comprises a colloidal system. 
10 19. The matiiod of any of daims 13 to 18 wherein said feed stock comprises a surfactar.?. 

20. The method of claim 19 wherein said surfactant is selected from, the group consisting of 
• phospholipids, norrionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 

surfactants 8nd combinations thereof. 

21 . The method of deim 1 9 or 20 wherein said surfactant is a phospholipid. 

1 5 22. The method ^ daim 21 wherein said phospholipid is selected from the grou^ consisting of 

diIauroyiphosph8tidyichohfi&, dioleylphosphatidylcholine, dipalmitoylphosphatidylcholine, 

disteroylphosphatidylcholme dibehenoylphosphatidylcholine, diarachidoylphosphatidylcholine and combinations 
thereof. ■ 

23. The method o; any of claims 13 to 22 wherein said collected perforated microstructures 
20 ' comprise hollow porous mic^spheres. 

24. The method of any of claims 13 to 23 wherein the meen aerodynamic diameter of saM 
collected perforated micrcstructures is between 0.5 and 5 j/rn. 

25. The method of any of claims 13 to 24 wherein said perforated microstructures hove a 
mean geometric diameter .;i less than about 5 ym. 

25 26. The msfhod of any of claims 13 to 25 wherein said active agent comprises a bio active 

agent. 

27. The mnthod claim 26 wherein said bioactive agent is selected from the group. consisting of 
antiallergic*, bronchodiiators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors or 
antagonists, antihistamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti-tuberculars, 

3 0 imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, amisansa agents, proteins, 
peptides and combinations thereof. 

28. The method of any of daims 13 to 27 wherein said atorrrizatjon step is accompiished using a 
. spray dryer. 

29.. A perforated microstructure formed according to any one of daims 1 3 to 28. 
35. 30. A method for increasing the dspersibility of a powder comprising the steps of: 
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providing b liquid feed stock comprising an active agent; and 

spray drying said Squid feed stock to produce a perforated rnicrostructure powder having a bulk 
density of less than about 0.5 g|cm' wherein said powder exhibits reducea van der Weals attractive farces when 
compared to a relatively non-porous powder of the same composition. 
5 31. The method of daim 30 wherein said liquid feed stock comprises a blowing agent 

32. The method of daim 31 wherein said blowing agent comprises a nonfiuorinated o3. 

33. The method of daim 3 1 wherein said blowing agent comprises a f luorinated compound. 

34. The method of daim 33 wherein said fluorinated compound has a boiling point of greater than 
about 60°C. 

]0 35. The method of any of claims 30 to 34 wherein said feed stock comprises a surfactant. 

36. The method of daim 35 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

37. The method of claim 35 or 36 wherein said surfactant is a phospholipid. 

! 5 -38. The n>: Ood of claim 37 wherein said phospholipid is selected from the group existing of 

dilauroylphosphatidvlchofe; djoleylphosphatidyicholine, dipalmitoylphosphatidylcholine. 

distaraylphasphatidylchoiir* dibBhenoylphosphatidylcholine, diarachidoylphosphatidylcholine and combinations 
thereof. 

39. The me;hod ; any of claims 30 to 38 wherein said permuted microstmctures i • .nprse hollow 

20 porous microspheres. 

40. The rpc;hod of any of claims 30 to 39 wherein said active agent comprises a bioaove agent 

41. The rukhod claim. 40 wherein said bioactive agent is selected from tha group consisting of 
antiallergics, bronchodlators. pulmonary lung surfactants/ analgesics, antibiotics, leukotriene inhibitors or 
antagonists, antihistamr.^ antiinflammatories, antineoplastics, anticnolinergics, anesthetics, &nti-tuberculars; 

25 imeging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations thereof . 

42. . A perforated microstructure powder formed accorrfiiig to any ana of daims 30 to 41 . 

43. A powder having increased dspersibility comprising a plurality of perforated infrastructures 
having a bulk density of less than about 0.5 gjcm 3 wherein said perforated microstructure powder comprises an 

30 active agent. 

44. The nowder of claim 43 wherein said powder comprises hollow porous microspheres. 

4 • 45. The powder of daims 43 or 44 wherein the mBan aerodynamic diameter of said perforated 
microstructures is between 0.5 and 5 jjm. 

48. The powder of any of daims 43 to 45 wherein said perforated microstructures have a 
35 mean geometric diamatar of less than about 5 //m. 
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47. The powder of any of claims 43 to 46 wherein said perforated microstructurea comprise a 
surfactant. 

48. The powder of claim 47 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fiuorinated 
surfactants and combinations thereof. 

49. „ The powder of claim 47 or 48 wherein said surfactant is a phospholipid. 

50. ThB powder of claim 49 wherein said phospholipid is selected from the group consisting of 
dilauroylphosphatidylcholine, .tfdeylphosphatidylcholine. dipalmitoylphosphatidylcholine, 
disteroylphosphatidylcholine dibehenoylphosphatidylcholine, dierachidoylphosphatidyicholine and combinations 
thereof. 

5t. The powder of claim any of claims 43 to 50 wherein said active agent is a bioacrive agent. 

52. The powder of claim 51 wherein said bioacti ve agent is selected from the group consisting 
of antiallergics, bronchodilators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors or 
antagonists, antihistamine, antiinflammatories, antineoplastics, anticholinergics, anesthetics, ami- 
tuberculars. imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, 
antisense agents, proteins, peptides end combinations thereof. 

53. An inhalation system for the pulmonary administration of a bioacrive agent to a patient 
comprising: 

an inhak ion device comprising a reservoir; and 

a powder in said reservoir wherein said powder comprises a plurality of perforated 
. microstrucTures having a »jk density of less than about 0.5 g/cm 3 wherein said perforated rnidosmicture 
powder comprises a bioa<;iW3 agent whereby said inhalation device provides for the aerosolized administration of 
said powder to et least a portion r- * the nasal or pulmonary air passages of a patient in need thereof. 

54. The system of claim 53 wherein said inhalation device comprises a dry powder inhiJicr, a metered 
dose inhaler or a nebulizer. 

55. The system of d aim 53 wherein said perforated microstructures are dispersed in a nonaqueous 
suspension medium. r 

56. The system of daim 55 wherein said nonaqueous suspension medium comprises a fiuorinated 
compound. 

57. The- system of any of claims 54 to 56 wherein said perforated microstructures comprise a 
surfactant. * 

58. The system of claim 57 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fiuorinated 
surfactants and combinations thereof. 
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59. The system of claims 57 or 58 wherein said surfactant is a phospholipid. 

♦JO. Tha system of any of claims 54 to 59 wherein said bioactiva agent is selected from the group 
consisting of antiaflergics, brcnchotiiators, ptimcnary lung surfactants, analgesics, antibiotics, feukotriene inhibitors 
or antagonists, antihistamines, antiinflammatories, antineoplastics, anuchofirargics, anesthetics, ami-tubarculars, 
5 imaging agBms, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations thareof. ' 

61 . A method for the pulmonary delivery of one or more hioactiva agents comprising the steps of: 

providing a powder comprising a plurality of perforated microstructures having a bulk density of less 
than about 0.5 glcm 3 wherein said perforated microstructure powder comprises a bioactive agent; 
] o aerosolizing said perforaied microstructure powder to provide an aerosolized- medicament: and 

administering a trrarepeutically effective amount of said aeroso&zed medicament to at least a portion of the 
nasal or pulmonary air passages of a patient in need thereof. 
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